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TABLE 2.3 STATION LOCATIONS IN THE ATOLL ABEA 

Shot Cherdcee smtzunl GhntFlathead Shot Navajo Shot Tewa 

Slnti0n 
North Latitude North Latitude North Lztitude North Latitude North Latitude 

aJxl 4 and yd and 
East bngltude En.stLOn@tu& Ea.etlon@tude Eat Longitude Ea8tLongitude 

YFNB 13 (E) 

YFNB 29 (C,H) 

Howlslvd (P)* 

How IslamI (K)* 

George blpnd (L). 

Wlluam Llmd (bl). 

Chulte Island @I)* 

rat-1 8) 

Bat-2 (R) 

m-3 (s) 

SkUf-M 

SdfI-BB 

9kiff4-X 

Gkiff-DD 

U-ES 

stiff-PP 

Sklff-GG 

Gkiff-HH 

9ktff-KK 

sdff-LL 

GkiJT-MM 

sdff-PP 

Wff-BB 

sin-s 

SW-TT 

S&f-W 

sdff-w 

skiff-WW 

skc[I-XX 

M-W 

deg mlJl &g mln 

11 35.3 11 40.0 
165 31.2 165 17.2 
11 37.5 11 37.5 
165 27.0 165 27.0 

146,320 N 146,320 N 
167.360 E 167,360 E 
146.450 N 149,450 N 
167,210 E 167flO E 
166.530 N 168,530 N 
131,250 E 131.250 E 
109,030 N 109.030 N 
079&40 E 079.540 E 

11 35.1 11 35.1 11 
165 27.6 165 27.6 165 
11 34.6 11 34.6 11 
165 22.2 165 22.2 165 
11 35.4 11 35.4 11 
165 17.2 165 17.2 165 
12 06.1 12 06.1 12 
lG4 47.0 l& 47.0 164 

12 
165 
12 
165 
12 
165 
12 
165 

11.6 12 
10.0 165 
11.3 12 
23.0 165 
11.5 12 
40.0 165 
11.3 12 
57.3 165 

12 
166 
11 
165 
12 
165 
12 
165 

12 
165 
11 
164 
11 
165 
11 
165 

11.6 12 
10.0 165 
11.3 12 
23.0 165 
11.5 12 
40.0 165 
11.3 12 
57.3 165 

02.4 12 
15.5 166 
57.9 11 
13.8 165 
01.2 12 
22.9 165 
02.0 12 
40.0 165 

02.0 12 
58.0 165 
52.6 11 
56.4 lG4 
52.0 - 
22.8 - 
51.0 11 
40.0 165 

02.4 12 
15.5 166 
57.9 11 
13.6 165 
01.3 12 
22.9 165 
02.0 12 
40.0 165 

02.0 
56.0 
52.6 
56.4 

12 
165 
11 
164 
11 
165 
11 
165 

11 
165 
11 
166 
11 
165 
11 
165 

50.0 11 
56.0 165 
50.6 11 
15.0 166 
42.5 11 
47.5 165 
21.7 11 
19.5 165 

- - 
- - 
- - 
- - 
- - 
-- 

51.0 
40.0 

50.0 
58.0 
59.9 
15.0 
42.5 
47.5 
21.7 
19.5 

11 
166 
11 
166 
11 
165 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

*IT mln 

11 40.0 
165 17.2 
11 37.5 
165 27.0 

146,320 N 
167.360 E 
148.450 N 
167,210 E 
166.530 N 
131250 E 
109,030 N 
079.540 E 

hz mln 

11 39.1 
165 16.2 
11 36.2 
165 29.6 

149.320 N 
167,360 E 
146.450 N 
167.210 E 
169,530 N 
131,250 E 

172,150 N 
- 061.150 E 

35.1 11 
27.6 165 
34.6 11 
22.2 165 
35.4 11 
17.2 165 
06.1 12 
47.0 164 

11.6 12 
10.0 165 
10.7 12 
17.6 165 
11.5 12 
40.0 165 
11.3 12 
57.3 165 

03.5 12 
14.2 166 
57.9 - 
13.8 - 
02.0 12 
21.6 165 
02.0 12 
40.0 165 

02.0 12 
56.0 165 
52.6 11 
58.4 164 
50.5 11 
23.9 165 
53.3 11 
35.2 165 

51.1 - 
50.0 - 
50.6 11 
15.0 166 
42.5 - 
47.5 - 
- - 
- - 

- - 
- - 
- - 
- - 
- - 
- - 

35.1 11 35.1 
27.6 165 27.6 
34.6 11 34.6 
22.2 165 22.2 
35.4 11 35.4 
17.2 165 17.2 
05.4 12 05.4 
44.9 164 44.9 

11.5 12 11.5 
07.5 165 07.5 
11.6 12 11.8 
20.9 165 20.9 
11.5 12 11.5 
40.0 165 40.0 
11.3 12 11.3 
57.3 165 57.3 

02.4 12 02.4 
15.5 166 15.5 
- 12 01.1 
- 165 10.2 
02.0 12 02.0 
21.6 165 21.6 
02.0 12 02.0 
40.0 165 40.0 

02.0 12 02.0 
58.0 165 56.0 
52.7 11 52.7 
56.0 164 56.0 
52.0 11 52.0 
22.6 165 22.5 
52.3 11 52.3 
39.7 165 39.7 

- 
- 

50.8 
15.0 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

172.150 N 
061.150 E 

- 
- 

11 
166 
- 
- 
- 
- 

\ 

- 
- 

50.6 
15.0 
- 
- 
- 
- 

11 43.2 
165 11.5 
11 41.2 
164 55.1 
11 54.0 
164 36.4 

&g min 

11 37.5 
165 27.0 
11 37.4 
165 14.2 

148,320 N 
167,360 E 
146.450 N 
iG7.210 E 
168,530 N 
131,250 E 

- 
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TABLE&4 BJUP LOCr)TlON8ATTIME60? PEAK ACTIVITY 

The clymbolr tp Md b reprerent the Umer d nrriv~l pod oesacrllonoffnllout, respeotlvely; t,, Ia the time ofpeak observed Ionlzatlon rate. 
Shot Cherokee slot zunt shot Flathead 8botNavajo Shot Tewa 

station . 
North Latitude North Latitude North Latitude North Latltude North Latitude 

Time nnd nme and Time and TlIlM and ThlM and 
Erust Loagitude EastLa@uda EastLongItude East Longitude East Longitude 

TSD,hr deg mln TSD,hr deg min TSD,hr deg mln 'ISD,hr deg min TSD,hr deg min 

YAG 40 

(A,W 

YAG 39 

(C) 

6(t3* 12 
164 

9 (tp)* 12 
164 

10 &a)' 13 

163 
12 ctp,* 12 

163 

40.0 3.4 (Q 
20.0 
40.0 4.3 
36.0 

4.0 

5.3 

6.6 

6.3 

6.7 (tp) 

7.4 ib) 

18.0 12 (tp) 
42.0 
20.0 12.6 
40.0 

14.6 

16.1 

17.6 

18.6 

19.6 

20.6 

21.6 

24.6 

12 22.0 
165 46.8 
12 22.0 
165 37.0 
12 22.0 
166 30.3 
12 22.6 
166 24.6 
12 22.0 
166 19.0 
12 23.0 
166 16.4 
12 23.6 
166 16.7 
12 24.4 
166 16.2 

13 00.6 

166 02.2 
13 00.6 
166 03.0 
12 53.0 
165 02.8 
13 00.0 
166 07.1 
13 03.8 
165 00.0 
13 00.4 

166 00.6 
12 68.0 
165 08.0 
12 69.0 

165 01.2 
13 00.6 
166 10.7 
13 00.0 
165 11.4 

8.0 (t, 

11.6 

12.8 

13.8 

17.0 ('p) 

22 (b) 

4.5 (tp) 

5.1 

6.1 

8.1 

10.1 

11.0 (tp) 

12.1 

13 ('0) 

12 19.7 
185 20.8 
12 23.2 
166 31.2 
12 34.7 
166 34.0 
12 26.0 
186 37.1 
12 31.9 
166 43.6 
12 41.8 
186 64.3 

12 04.2 
166 23.4 
12 04.7 
186 18.0 
12 06.0 
186 26.0 
12 03.0 
186 28.0 
12 07.0 
166 27.0 
12 06.6 

166 27.0 
12 04.0 
166 27.0 

12 05.1 
165 27.8 

8.0 (t,,) 12 12.3 
166 08.8 

8.8 12 12.0 
166 11.0 

7.3 12 11.0 
166 10.0 

9.2 12 13.0 
165 04.3 

11.1 12 11.0 
166 04.8 

12.1 12 12.0 
166 04.8 

12.3 (tp) 12 12.2 
166 04.2 

13.1 12 13.0 
166 01.0 

16 (b) 12 09.9 
184 69.5 

2.3 (ta) 12 01.8 
166 18.3 

4.6 11 69.7 
165 20.0 

6.6 12 01.7 
166 19.5 

8.0 (tp) 11 68.3 
165 20.7 

6.8 11 67.0 
166 22.0 

8.6 12 02.0 

166 20.0 
9.6 11 69.0 

166 19.0 

11.6 11 68.0 
165 20.0 

12.6 11 67.0 
165 18.0 

14.6 11 55.0 
166 23.6 

4.4 (+J 

6.2 

7.2 (tp) 

8.2 

8.5 (k) 

2:o (to, 

2.2 

2.7 

4.7 

6.0 ctp, 

6.3 (t,,) 

12 04.6 
164 44.8 
12 04.6 
164 46.9 
12 06.0 
164 49.2 
12 06.4 
164 63.0 
12 06.2 
164 52.8 

, 
12 06.6 
186 12.0 
12 03.6 
166 12.0 
12 04.0 
166 13.1 
12 01.5 
165 18.0 
12 01.6 
166 18.2 

12 01.8 
165 18.3 

- 



TABLE 2.4 CONTlNUED 

The rym@l# 1, ami tu rrprerel the timer of arrIveI ami oerration of fallout, reepecttvely; tp tr tie time of pe& obrerved io,dratton rh. 

Shot Cherokee Bhot zlmt mlot PlatiHrd Shot Navajo fhot Tawa 

station 
North Latftuda North Latitude North Latftude North Latitude North Latitude 

TIUH and Time auf The Uxi Time and nme and 
Eest Longftuds EtiLongitub East Longitude East LongRude East Longitude 

TSD, k dog mfn TSD, k deg mfn TSD, k mill TSD, k da mln TSD, k bll min 

YM 30 25 (‘PI 13 00.8 

(C) 166 10.6 
26.6 13 03.0 

166 06.0 

29 lb, 13 02.4 
166 10.7 

LST 611 20 (tp) t 14 20.0 16 (‘p) t 13 41.6 

(D) 163 40.0 164 22.0 

6.6 (‘0) 

7.3 

7.6 

6.3 

0.1 $) 

12.6 

16.6 

16.2 

20 lb, 

12 06.9 

164 40.0 
12 00.0 

164 40.0 
12 00.0 

164 42.0 
12 01.6 

164 43.6 
12 02.0 

164 47.0 
12 03.0 

166 01.0 
12 06.0 

166 13.0 
11 46.0 

166 08.0 

11 47.4 
166 16.2 

16 (b) 

3.0 (t#J 

3.6 

4.4 

6.1 

6.1 (tp) 

7.1 

7.6 

10.1 

12.1 

12.9 

13 Cb, 

12 
166 

00.1 
20.1 

11 36.2 
164 39.6 

11 36.0 
164 40.0 

11 33.7 
164 41.6 

11 36.6 
164 41.6 

11 34.1 
164 42.4 

11 34.6 
164 41.6 

11 37.2 

164 41.0 
11 36.6 

164 39.6 

11 34.2 
164 38.6 

11 33.7 
164 36.7 

11 33.9 
164 36.8 

7.0 (t3 

7.2 

10.2 

12.2 

13.2 

13.6 (‘p) 

14 (‘0) 

12 27.6 
164 40.6 

12 26.6 

144 36.9 
12 24.0 

164 46.3 
12 26.5 

164 4s.o 
12 25.0 

164 60.6 
12 26.3 

164 60.4 

12 25.4 
164 50.3 

l QuestIonable value; aotlvlty near background level. t Predicted value; no fallout ocourred. 



Figure 2.1 Aerial view of major sampling array. 
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Figure 2.2 Plan and elevation of major sampling array. 
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Figure 2.3 Ship and barge stations. 
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I 

Figure 2.4 Functional view of gamma time-intensity recorder (TIR). 



I 

Figure 2.6 Functional view of open-close total collector (OCC). 
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Figure 2.7 Minor sampling array. 
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Figure 2.9 Counter geometries. 

39 





40’ 164. 20’ 40. 165 

lo, 1 LST-611 
c 

: YAG-39 
c 

, YAG-40 
C 

1 LST-611 T , 

N 

I 

Lil;611, 

L-l- t 

, LST-611 
N 

. 20’ 

, YAG-39 
- z 

, YAG- 40 
z 

, YAG-40 
N 

_ VAG-39, 4 YAT-3s 
r -2 YAG-39 - 

N 

, YAG-40 
F 

SIKINI OR CSCIWOLTL ATOLL 

Figure 2.11 Ship locations at times of peak activity. 
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Cbaplef 3 

RESUL TS 
3.1 DATA PRESENTATION 

The data has been reduced and appears in comprehensive tables (Appendix B) that summarize 
certain kinds of information for all shots and stations. The text itself contains only derived re- 
sults. 

In general, the detafls of calculations, such as those involved in reducing gross gamma spec- 
tra to absolute photon intensfties or in arriving at R-values, have not been included. Instead, 
original data and final results are given, together with explanations of how the latter were ob- 
tained and with references to reports containing detailed calculations. 

Results for the water-surface Shots Flathead and Navajo, and the land-surface and near-land- 
surface Shots Zuni and Tewa, are presented in four categories: fallout-buildup characteristics 
(Section 3.2); physical, chemical, and radiochemical characteristics of the contaminated mate- 
rial (Section 3.3); its radionuclide composition and radiation characteristics (Section 3.4); and 
correlations of results (Section 4.3). Appendix B contains all reduced data for these shots sep- 
arated fnto three types: that pertaining to the buildup phase (Section B.l); information on phy- 
sical, chemical, and radiological properties (Section 8.2); and data used for correlation studies 
(Section B.3). 

Measurements and results for Shot Cherokee, an air burst during which very little fallout 
occurred, are summarized tn Section 4.1. 

Unreduced data are presented in Section B.4. 
Each of the composite plots of TIR readings and IC tray activities presented in the section on 

buildup characteristics may be thought of as constituting a general description of the surface 
radiological event which occurred at that station. In this sense the information needed to corn-. 
plete the picture is provided by the remainder of the section on particle-size variation with time 
and mass-arrival rate, as well as by the following sections on the activity deposited per unit 
area, the particulate properties of the contaminated material, its chemical and radiochemical 
composition, and the nature of its beta- and gamma-ray emissions. Penetration rates and ac- 
tivity profiles in the ocean extend the description to subsurface conditions at the YAG locations. 
The radiological event that took place at any major station may be reconstructed in as much 
detail as desired by using Figures 3.1 through 3.4 as a guide and referring to the samples from 
that station for the results of interest. Each sample is identified by station, collector, and shot 
in all tables and figures of results, and the alphabetical and numerical designations assigned to 
all major array collectors are summarized in Figure A.l. 

Throughout the treatment which follows, emphasis has been placed on the use of quantities 
such as fissions per gram and R” values, whose variations show fundamental differences in 
fallout properties. In addition, radiation characteristics have been expressed in terms of unit 
fissions wherever possible. As a result, bias effects are separated, certain conclusions are 
made evident, and a number of correlations become possible. Some of the latter are presented 
in Sections 3.3, 3.4, and 4.3. 

3.2 BUILDUP CI-IARACTERISTICS 

3.2.1 Rate of Arrival. Reduced and corrected records of the ionization rates measured by 
one TIR and the sample activities determined from one IC at each major array station are plot- 
ted against time since detonation (TSD) in Figures 3.1 through 3.4 for Shots Flathead, Navajo, 
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Z,,& and Tewa. Numerical values are tabulated in Tables B.l and B.2. Because the records 
d the TJWS and the deck (D-TIR) are plotted for the YAG’s, the measurements made by the 
T&S in the standard platform (P-TIR) have been included in Appendix B. The records of the 
es with shorter collection intervals have been omitted, because they show only the greater 
variability in the fine structure of the other curves and do not cover the entire fallout period. 

TAR readings have been adjusted in accordance with the calibration factors applying to the 
four ionization chambers present in each instrument, and corrected to account for saturation 
loss over all ranges. (The adjustments were made in accordance with a private communication 
frcm H. Rinnert, NRDL, and based upon Co6* gamma rays incident on an unobstructed chamber, 
normal to its axis.) Recorder speeds have also been checked and the time applying to each 
reading verified. In those cases where saturation occurred in the highest range, readings have 
heen estimated on the basis of the best information available and the curves dotted in on the 
figures. 

It is pointed out that these curves give only approximate air-ionization rates. Because of 
-‘the varying energy-response characteristics of each ionization chamber, and internal shielding 
effects resulting from the construction of the instrument, TIR response was nonuniform with 
respect both to photon energy and direction, as indicated in Figures A.2 through A.4. The over- 
all estimated effect was to give readings as much as 20 percent lower than would have been re- 
corded by an ideal instrument. (M easurements were made on the YAG 39 and YAG 40 during 
all four shots with a Cutie Pie or TlB hand survey meter held on top of an operating TIR. The 
TIR’s indicated, on the average, 0.85 *25 percent of the survey meter readings, which them- 
selves indicate only about 75 percent of the true dose rate 3 feet above a uniformly distributed 
plane source (Reference 17). Total doses calculated from TIR curves and measured by film- 
pack dosimeters (ESL) at the same locations are compared in Section 4.3.5.) 

Detailed corrections are virtually impossible to perform, requiring source strength and 
&ctral composition as functions of direction and time, combined with the energy-directional 
response characteristics of each chamber. It is also pointed out that these sources of error 
‘UC inherent to some degree in every real detector and are commonly given no consideration 
Whatsoever. Even with an ideal instrument, the measured dose rates could not be compared 
rith theoretical land-equivalent dose rates because of irregularities in the distribution of the 
eavce material and shielding effects associated with surface conditions. However, a qualitative 
study of the performance characteristics of ship, barge, and island TIR’s indicated that all per- 
formed in a manner similar for the average numbers of fissions deposited and identical radio- 
n=lide compositions. 

The exposure interval associated with each IC tray has been carefully checked. In those 
cases where the time required to count all of the trays from a single instrument was unduly long, 
activities have been expressed at a common time of H + 12 hours. Background and coincidence 
loss corrections have also been made. 

The time interval during which each tray was exposed is of particular importance, not only 
‘because its midpoint fixes the mean time of collection, but also because all tray activities in 
couW Per minute (co unts/min) have been normalized by dividing by this interval, yielding counts 
per minute per minute of exposure (counts/min*). Such a procedure was necessary, because 

.enBection intervals of. several different lengths were used. The resulting quantity is an activity- 
arrival rate, and each figure shows how this quantity varied over the successive collection inter- 
vals at the reference time, or time when the trays were counted. If it can be established that 
-&s is proportional to activity, these same curves can be used to study mass-arrival rate with 
time (Section 3.2.3, Shots Flathead and Navajo); if, on the other hand, the relationship of mass 
ta activity is unknown, they may be used for comparison with curves of mass-arrival rate con- 
-ted by some other means (Section 3.2.3, Shots Zuni and Tewa). 
* Thus 

duced at that time by all sources of activity, the corresponding time point on the IC curve gives 
, while each point on a TIR curve expresses the approximate gamma ionization rate pro- 

the decaY-corrected relative rate at which activity was arriving. Both complementary kinds of 
Worrnation are needed for an accurate description of the radiological event that took place at a 
given station and are plotted together for this reason 
other my. 

-not because they are comparable in any 
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The activities of the IC trays have not been adjusted for sampling bias, although some un- 
doubtedly exists, primarily because its quantitative effects are unknown. Relative rates may 
still be derived if it is assumed that all trays are biased alike, which appears reasonable for 
those cases in which wind speed and direction were nearly constant during the sampling period 
(Section 4.3.2). More extensive analysis would be required to eliminate uncertainties in the re- 
maining cases. 

It should also be mentioned that XC trays with alternating greased-disk and reagent-film col- 
lecting surfaces were intentionally used in all of the collectors for Shots Flathead and Navajo 
-with no detectable difference in efficiency for the resulting fallout drops-and of necessity 
for Shot Tewa. The late move of Shot Tewa to shallow water produced essentially solid particle 
fallout, for which the efficiency of the reagent film as a collector was markedly low. Thus, only 
the greased-disk results have been plotted for the YAG 40 in Figure 3.4, although it was neces- 
sary to plot both types for some of the other stations. Trays containing reagent-film disks, all 
of which were assigned numbers between 2994 and 3933, may be distinguished by reference to 
Table B.2. A few trays, designated by the prefix P, also contained polyethylene disks to facil- 
itate sample recovery. 

3.2.2 Times of Arrival, Peak Activity, and Cessation. The times at which fallout first ar- 
rived, reached its peak, and ceased at each major array station are summarized for all shots 
in Table 3.1. Peak ionization rates are also listed for convenient reference. Time of arrival 
detector (TOAD) results, covering all minor array stations and providing additional values for 
the major stations in the atoll area, are tabulated in Table 3.2. 

The values given in Table 3.1 were derived from Figures 3.1 through 3.4, and the associated 
numerical values in Tables B.l and B.2, by establishing certain criteria which could be applied 
throughout. These are stated in the table heading; while not the only ones possible, they were 
felt to be the most reasonable in view of the available data. 

Arrival times (ta) were determined by inspection of both TIR and IC records, the resulting 
values being commensurate with both. Because the arrival characteristics varied, arrival 
could not be defined in some simple way, such as “1 mr/hr above background.” The final val- 
ues, therefore, were chosen as sensible-arrival times, treating each case individually. It 
should be mentioned that, within the resolving power of the instruments used, no time differ- 
ence existed between the onset of material collections on the IC trays and the toe of the TIR 
buildup curve. The IC’s on the ships were manually operated and generally were not triggered 
until the arrival of fallout was indicated by the TIR or a survey meter, thus precluding any ar- 
rival determination by ICC; those at the unmanned stations, however, triggered automatically at 
shot time, or shortly thereafter, and could be used. The SIC on the YAG 40 also provided usa- 
ble data, ordinarily yielding an earlier arrival time than IC B-7 on the same ship. In order to 
conserve trays, however, the number exposed before fallout arrival was kept small, resulting 
in a larger time uncertainty within the exposure interval of the first active tray. 

Once defined, times of peak activity (tp> could be taken directly from the TIR curves. Be- 
cause peaks were sometimes broad and flat, however, ii was felt to be desirable to show also 
the time interval during which the ionization rate was within 10 percent of the peak value. Ex- 
amination of these data indicated that tp -2 ta ; thii point is discussed and additional data are 
presented in Reference 18. 

Cessation time (&.) is even more difficult to define than arrival time. In almost every case, 
for example, fallout was still being deposited at a very low rate on the YAG 40 when the ship 
departed station. Nevertheless, an extrapolated cessation time which was too late would give 
an erroneous impression, because 90 or 95 percent of the fallout was down hours earlier. For 
this reason, IC-tray activities measured at a common time were cumulated and the time at 
which 95 percent of the fallout had been deposited read off. A typical curve rises abruptly, 
rounds over, and approaches the total amount of fallout asymptotically. Extrapolated cessation 
times were estimated primarily from the direct IC plots (Figures 3.1 through 3.41, supplemented 
by the cumulative plots, and the TIR records replotted on log-log paper. It must be emphasized 

44 



that the cessation times reported are closely related to the sensitivity of the measuring systems 
used and the fallout levels observed. 

m values for time of arrival given in Table 3.2 were determined from TOAD measurements. 
They were obtained by subtracting the time interval measured by the instrument clock, which 
started when fallout arrived, from the total period elapsed between detonation and the time when 

, @ instrument was read. 
Because the TOAD’s were developed for use by the project and could not be proof-tested in 

advance, certain operational problems were encountered in their use; these are reflected by 
Footnotes 8, q and t in Table 3.2. only Footnote t indicates that no information was obtained 
by the units; however, Footnotes 8 andl are used to qualify questionable values. Because the 
TOAD’s from the barge and island major stations were used elsewhere after Shot Flathead, Foot- 
note * primarily expresses the operational difficulties involved in servicing the skiffs and keep- 
ing them in place. 

‘; The fact that a station operated properly and yet detected no fallout is indicated in both tables 
by Footnote $ . In the case of the major stations, this means that the TIR record showed no 
measurable increase and all of the IC trays counted at the normal background rate. For the 
minor stations, however, it means that the rate of arrival never exceeded 20 mr/hr per half 
ti, because the radiation trigger contained in the TOAD was set for this value. 

3.2.3 Mass-Arrival Rate. A measure of the rate at which mass was deposited at each of 
the major stations during Shots ‘Zuni and Tewa is plotted in Figure 3.5 from data contained in 
Table B.4; additional data are contained in Table B.6. Corresponding mass-arrival rates for 
shots Flathead and Navajo may be obtained, where available, by multiplying each of the E-tray 
activities (count/minz) in Figures 3.1 and 3.2 by the factor, micrograms per square feet per 
IKIU per counts per minute per minute, [&(ft’-hr-count/min*)]. For the YAG 40, YAG 39, 
and LST 611, the factor is 0.0524 for Shot Flathead and O.‘Vl for Shot Navajo. For the YFNB 
29, the factor is 0.343 for Shot Flathead. For the YFNB 13 and How-F, the factor is 3.69 for 
Shot Navajo. 

The former values of mass-arrival rate, micrograms per square foot per hour [&(ft’/hr)], 
Were calculated from the particle-size distribution studies in Reference 19, discussed in more 
detail in Section 3.2.4. The number of solid particles in each size increment deposited per 
Ware foot per hour was converted to mass by assuming the particles to be spheres with a den- 
sity of 2.36 gm/cm3. Despite the fact that a few slurry particles might have been present (Sec- 
tion 3.3.1), these values were then summed, over all size iricrements, to obtain the total mass- 
~riVval rate for each tray, or as a function of time since detonation (TSD). These results may 
not be typical for the geographic locations from which the samples were taken, because of col- 
lector bias (Section 4.3.2). 

Because this result will be affected by any discrepancy between the number of particles of 
a certain sixe, which would have passed through an equal area in free space had the tray not 
been present, and the number ultimately collected by the tray and counted, both sampling bias 
(Section 4.3.2) and counting error (Section 3.2.4) are reflected in the curves of Figure 3.5. For 
this reason they, like the curves of Section 3.2.1, are intended to provide only relative-rate in- 
formation and should not be integrated to obtain total-mass values, even over the limited periods 
ahen it would be possible to do so. The total amount of mass (mg/ft*) deposited at each major 
shtion, determined from chemical analysis of CCC collections, is given in Table 3.16. 

The constants to be used for the water-surface shots follow from the slurry-particle sodium 
cuoride analyses in Reference 31 and were derived on the basis of experimentally determined 
mues relating well-counter gamma activity to sodium chloride weight in the deposited fallout. 
These Values and the methot&g by which they were obtained are presented in Section 3.3.2. The 
htors were calculated from the ratio of counts per minute per minute (count/mint) for the IC- 

-% area to counts per minute per gram [(counts/min)/gm] of NaCl from Table 3.12. The grams 
of Naci were converted to grams of fallout, with water included, in the ratio of l/2.2; and the 
gamma well counts from the table were expressed as end-window gamma counts by use of the 
ratio l/62. An average value of specific activity for each shot Was used for the ship stations, 
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while a value more nearly applicable for material deposited from 1 to 3 hours after detonation 
was used for the barge and island Stations. 

It is to be noted that the insoluble solids of the slurry particles (Section 3.3.2) were not in- 
cluded in the conversion of grams Of NaCl to grams of fallout. Even though highly active, they 
constituted less than 2 to 4 percent of the total mass and were neglected in view of measurement 
errors up to *5 percent for sodium chloride, f 15 percent for specific activity, and f 25 percent 
for water content. 

3.2.4 Particle-Size Variation. The way in which the distribution of solid-particle sizes 
varied over the fallout buildup period at each of the major stations during Shots Zuni and Tewa 
is shown in Figures 3.6 through 3.9. The data from which the plots were derived are tabulated 
in Table B.3, and similar data for a number of intermediate collection intervals are listed in 
Table B.5. All of the slurry padC1e.S collected over a single time interval at a particular lo- 
cation during Shots Flathead and Navajo tended to fall in one narrow size range; representative 
values are included in Table 3.12. 

The information contained in Tables B.3 through B.6 and plotted in the figures represents 
the results of studies described in detail in Reference 19. All XC trays were inserted in a fixed 
setup employing an 8-by-lo-inch-view camera and photographed with a magnification of 2., soon 
after being returned to NRDL. Backlighting and low-contrast film were used to achieve maxi- 
mum particle visibility. A transparent grid of 16 equal rectangular areas was then superim- 
posed on the negative and each area, enlarged five times, printed on 8-by-lo-inch paper at a 
combined linear magnification of 10. 

Since time-consuming manual methods had to be used in sizing and counting the photographed 
particles, three things were done to keep the total number as small as possible, consistent with 
good statistical practice and the degree of definition required. (1) The total number of trays 
available from each collector was reduced by selecting a representative number spaced at more 
or less equal intervals over the fallout-buildup period. Reference was made to the TIR and IC 
curves (Figures 3.1 to 3.4) during the selection process, and additional trays were included in 
time intervals where sharp changes were indicated. (2) Instead of counting the particles in all 
areas of heavily loaded trays, a diagonal line was drawn from the most dense to the least dense 
edge and only those areas selected which were intersected by the line. (3) No particles smaller 
than 50 microns in diameter were counted, this being arbitrarily established as the size defin- 
ing the lower limit of significant local fallout. (The lower limit was determined from a fallout 
model, using particle size as a basic input parameter (Section 4.3.1). Particles down to - 20 
microns in diameter will be present, although the majority of particles between 20 and 50 mi- 
crons will be deposited at greater distances than those considered.) 

Actual sizing and counting of the particles on the selected ten times enlargements was ac- 
complished by the use of a series of gages consisting of four sets of black circular spots of the 
same magnification, graduated in equal-diameter increments of 5, 10, 30, and 100 microns. 
These were printed on a sheet of clear plastic so that the largest spot which could be completely 
inscribed in a given particle area could be determined by superimposition. Thus, all of the par- 
ticle sizes listed refer to the diameter of the maximum circle which could be inscribed in the 
projected area of the particle. A preliminary test established that more-consistent results could 
be achieved using this parameter than the projected diameter, or diameter of the circle equal to 
the projected area of the particle. 

A number of problems arose in connection with the counting procedure: touching particles 
were difficult to distinguish from single aggregates; particles which were small, thin, translu- 
cent, or out of focus were difficult to see against the background; particles falling on area bor- 
derlines could not be accurately sized and often had to be eliminated; some elongated particles, 
for which the inscribed-circle method was of questionable validity, were observed; a strong 
tendency existed to overlook particles smaller than about 60 microns, because of the graininess 
of the print and natural human error. Most of these problems were alleviated, however, by hav- 
ing each print processed in advance by a specially trained editor. All particles to be counted 
were first marked by the editor, then sized by the counter. 
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Once the basic data, consisting of the number of particles in each arbitrary size interval 
between 50 and 2,600 microns, were obtained for the selected trays, they were normalized to 
a l-micron interval and smoothed, to compensate in part for sample sparsity, by successive 
applications of a standard smoothing function on a digital computer. These, with appropriate 
unit conversions, are the results listed in Tables B.3 and B.5: the numbers of particles, within 
a l-micron interval centered at the indicated sizes, collected per hour for each square foot of 
surface. 

Figures 3.6 through 3.9 show how the concentration of each particle size varied over the 
buildup period by providing, in effect, successive frequency distributions on time-line sections. 
The curves representing the 92.5- and 195-micron particles have been emphasized to bring out 
overall trends and make the figures easier to use. Measures of central tendency have been 
avoided, because the largest particles which make the most-significant contribution to the ac- 
tivity are not significantly represented in the calculation of the mean particle size, while the 
small particles which make the greatest contribution in the calculation of the mean particle size 
are most subject to errors from counting and background dust deposits. It should also be re- 
membered that sampling bias is present and probably assumes its greatest importance for the 
small particles. 

Plots of pure background collections for the ship and barge stations resemble the plot of the 
YAG 39 data for Shot Zuni, but without the marked peaks in the small particles or the intrusions 
of the large particles from below, both of which are characteristic of fallout arrival. This is 
not necessarily true for the How-land station, however, where such features may result from 
disturbances of the surface dust; the series of peaks at about 4 hours during Shot Zuni, for ex- 
ample, appears to be the result of too close an approach by a survey helicopter. 

3.2.5 Ocean Penetration. Figure 3.10 shows the general penetration behavior of fallout ac- 
tivity in the ocean for Shot Navajo, a water-surface shot, and Shot Tewa, resembling a land- 
surface shot. These simplified curves show a number of successive activity profiles measured 
during and after the fallout period with the oceanographic probe (SIO-P) aboard the YAG 39 and 
demonstrate the changing and variable nature of the basic phenomena. The best estimates of 
the rate at which the main body of activity penetrated at the YAG 39 and YAG 40 locations during 
Shots Flathead, Navajo, and Tewa are summarized in Table 3.3, and the depths at which this 
penetration was observed to cease are listed in Table 3.4. The data from which the results were 
obtained are presented in graphical form in Figure B.l; reduced-activity profiles similar to those 
shown in Figure 3.10 were used in the preparation of the plots. Estimates of the maximum pene- 
tration rates observed for Shots Zuni, Navajo, and Tewa appear in Table 3.5. 

The values tabulated in Reference 20 represent the result of a systematic study of measured 
Profiles for features indicative of penetration rate. Various shape characteristics, such as the 
depth of the first increase in activity level above normal background and the depth of the juncture 
of the gross body of activity with the thin body of activity below, were considered; but none was 
found to be applicable in every case. 

The concept of equivalent depth was devised so that: (1) all the profile data (i. e., all the 
curves giving activity concentration as a function of depth) could be used, and (2) the results of 
the Project 2.63 water-sampling effort could be related to other Program 2 studies, in which 
the determination of activity per unit volume of water near the surface (surface concentration) 
Was a prime measurement. The equivalent depth is defined as the factor which must be applied 
to the surface concentration to give the total activity per unit water surface area as represented 
bp the measured profile. Because the equivalent depth may be determined by dividing the pla- 
mmetered area of any profile by the appropriate surface concentration, it is relatively independ- 
ent Of profile shape and activtty level and, in addition, can utilize any measure of surface con- 
centration which can be adjusted to the time when the profile was taken and expressed in the 
same units of activity measurement. obviously, if the appropriate equivalent depth can be de- 
termined, it may be applied to any measurement of the surface concentration to produce an es- 
timate of the activity per unit area when no other data are available. 

The penetration rates in Table 3.3 were obtained by plotting all equivalent-depth points avail- 
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able for each ship a,& shot (Figure B-l), dividing the data into appropriate intervals on the basis 
of the plots, and calculating the Slopes of the least-Squares lines for these intervals. The max- 

imum depths af penetration listed in Table 3.4 were derived from the same plots by establishing 

that the slopes did not differ SignifiCa.ntlY from Zero outside of the selected intervals. Erratic 

behavior or failure of the probes on both ships during Shot Z~ni and on the YAG 40 during Shot 
Flathead prevented the taking of data which could be used for equivalent-depth determinations. 

It did prove possible in the former case, however, to trace the motion of the deepest tip of the 
activity profile from the YAG 39 measurements; and this is reported, with corresponding values 
from the other events, as a maximum penetration rate in Table 3.5. 

It is important to emphasize that the values given in Tables 3.3 and 3.4, while indicating re- 
markably uniform penetration behavior for the different kinds of events, refer only to the gross 
body of the fallout activity as it gradually settles to the thermocline. When the deposited mate- 
rial consists largely of solid particles, as for Shots Zuni and Tewa, it appears that some fast 
penetration may occur. The rates listed for these shots in Table 3.5 were derived from a fast- 

travel- component which may have disappeared below the thermoclfne, leaving the activity 
profile open at the bottom (Figure 3.10). On the other hand, no such penetration was observed 
for Shot Flathead and was questionable in the case of Shot Navajo. This subject is discussed 
further in Section 4.3.2, and estimates of the amount of activity disappearing below the thermo- 
cline are presented. 

It is also important to note that the linear penetration rates given in Table 3.3 apply only from 
about the time of peak onward and after the fallout has penetrated to a depth of from 10 to 20 me- 
ters. Irregular effects at shallower depths, like the scatter of data points in the vicinity of the 
thermoclme, no doubt reflect the influence both of differences in fallout composition and uncon- 
trollable oceanographic variables. The ships did move during sampling and may have encoun- 
tered nonuniform conditions resulting from such localized disturbances as thermal gradients, 
turbulent regions, and surface currents. 

In addition to penetration behavior, decay and solubility effects are present in the changing 
activity profiles of Figure 3.10. The results of the measurements made by the decay probe 
@IO-D) suspended in the tank filled with ocean water aboard the YAG 39 are summarized in 
Table 3.6. Corresponding values from Reference 15 are included for comparison; although sim- 
ilar instrumentation was used, these values were derived from measurements made over slightly 
different time intervals in contaminated water taken from the ocean some time after fallout 
had ceased. 

Two experiments were performed to study the solubility of the activity associated with solid 
fallout particles and give some indication of the way in which activity measurements made with 
energy-dependent instruments might be affected. Several attempts were also made to make di- 
rect measurements of the gamma-energy spectra of water samples, but only in one case (Sample 
YAG 39-T-K-D, Table B.20) was there enough activity present in the aliquot. 

The results of the experiments are summarized in Figures 3.11 and 3.12. Two samples of 
particles from Shot Tewa, giving 4-s ionization chamber readings of 208 X lo-’ and 674 x lo-* 
ma respectively, were removed from a single GCC tray (YAG 39-C-34 TE) and subjected to 
measurements designed to indicate the solubility rates of various radionuclides in relation to 
the overall solubility rate of the activity in ocean water. 

The first sample (Method I) was placed on top of a glass-wool plug in a short glass tube. A 
piece of rubber tubing connected the top of this tube to the bottom of a lo-ml microburet filled 
with sea water. The sea water was passed over the particles at a constant rate, and equivolume 
fractions were collected at specified time intervals. In 23 seconds, 3 ml passed over the parti- 
cles, corresponding to a settling rate of 34 cm/min -approximately the rate at which a particle 
of average diameter in the sample (115 microns) would have settled. The activity of each frac- 
tion was measured with the well counter soon after collection and, when these measurements 
were combined with the total sample activity, the cumulative percent of the activity dissolved 
was computed (Figure 3.11). Gamma-energy spectra were also measured on fractions corre- 
sponding roughly to the beginning (10 seconds), middle (160 seconds) and end (360 seconds) of 
the run (Figure 3.12). The time of the run was D+5 days. 
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: on D+4 the second sample (Method 11) was placed in a vessel containing 75 ml of sea water. 
After stirring for a certain time interval, the solution was centrifuged and a 50-X aliquot re- 
moved from the supernate. This procedure was repeated several times over a 48-hour period, 
xkh the activity of each fraction being measured shortly after separation and used to compute 
the cumulative percent of the total activity in solution (Figure 3.11). The gamma spectrum of 
the solution stirred for 48 hours was also measured for comparison with the spectra obtained 
by Method I (Figure 3.12). 

As indicated in Figure 3.11, more than 1 percent of the total activity went into solution in less 
than 10 seconds, followed by at least an additional 19 percent before equilibrium was achieved. 
This was accompanied by large spectral changes, indicating marked radionuclide fractionation 

13* (Figure 3.12); nearly all of the I , for example, appears to have been dissolved in 360 seconds. 
The dip-counter activities of all water samples taken by Projects 2.63 and 2.62a are tabulated 

in Table B.32. Ocean background corrections have not been attempted but may be estimated for 
each shot at the YAG 39 and YAG 40 locations from the activities of the background samples 
collected just prior to the arrival of fallout. All other corrections have been made, however, 
including those required by the dilution of the designated l,IOO-ml depth samples to the standard 
2,000-ml counting volume. Normalized dip-counter decay curves for each event (Figure B.14), 
lad the records of the surface-monitoring devices (NYG-M, Figures B.8 through B.13) are also 
included in Section B.4. 

3.3 PHYSICAL, CHEMICAL, AND RADKXXEMICAL CHARACTERISTICS 

3.3.1 Solid Particles. All of the active fallout collected during Shot Zuni, and nearly all 
collected during Shot Tewa, consisted of solid particles which closely resembled those from 
Shot M during Operation Ivy and Shot 1 during Operation Castle (References 21 and 22). Alter- 
nate trays containing greased disks for solid-particle collection and reagent films for slurry- 
particle collection were used in the XC’s during Shot Tewa. Microscopic examination of the 
latter revealed an insignificant number of slurry particles; these results are summarized in 
Table B.lO. No slurry particles were observed in the Zuni fallout, although a small number 
may have been deposited. 

As illustrated in Figure 3.13, the particles varied from unchanged irregular grains of coral 
sand to completely altered spheroidal particles or flaky agglomerates, and in a number of cases 
included dense black spheres (Reference 19). Each of these types is covered in the discussion 
of physical, chemical, radiochemical, and radiation characteristics which follows. Basic data 
for about 100 particles from each shot, selected at random from among those removed from the 
SIC trays in the YAG 40 laboratory, are included In Table B.34. 

Physical and Chemical Characteristics. A number of irregular and spheroidal 
particles collected on the YFNB 29 during Shots Zuni and Tewa were thin-sectioned and studied 
under a petrographic microscope (Reference 23); some from Shot Zuni were also subjected to 
X-ray diffraction analysis (Table 3.7). Typical thin sections of both types of particles are pre- 
sented in Figures 3.14, 3.15 and 3.16 for Shot Zuni and Figures 3.17 and 3.18 for Shot Tewa. 
Although the particles shown ln the figures were taken from samples of close-in fallout, those 
colh%ted 40 miles or more from the shot point by the SIC on the YAG 40 were observed to be 
similar, except for being smaller in size. 

Both methods of analysis showed the great majority of irregular particles to consist of flne- 
mined calcium hydroxide, Ca(OH)r, with a thin surface layer of calcium carbonate, CaCOS 
(%ure 3.17). A few, however, had surface layers of calcium hydroxide with central cores of 
-hanged coral (CaCGJ, and an even smaller number were composed entirely of unchanged 
coW (Figure 3.14). R is likely that the chemically changed particles were formed by decar- 
borUon of the original calcium carbonate to calcium oxide followed by hydration to calcium 
hydroxide and subsequent reaction with CQ in the atmosphere to form a thin coat of calcium 
carbonate. Particles of this kind were angular in appearance and unusually white in color (Fig- 
ure 3.13, A and G). 

Many of the irregular particles from Shot Zuni were observed to carry small highly active 
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spherical particles 1 to 25 microns in diameter on their surfaces (Figures 3.13G and 3.15). 
Shot Tewa particles were almost entirely free from spherical particles of this kind, although 
a few with diameters less than 1 micron were discovered when some of the irregular particles 
were powdered and examined with an electron microscope. A few larger isolated spherical 
particles were also found in the Zuni fallout (Figures 3.13, B and H). Such particles varied in 
color from orange-red for the smallest sizes to opaque black for the largest sixes. 

While these particles were too small to be subjected to petrographic or X-ray diffraction 
analysis, it was possihte to analyze a number of larger particles collected during Shot Inca 
which appeared to be otherwise identical (Figure 3.19). The Inca particles were composed 
primarily of Fe30, and calcium iron oxide (2 CaO.Fe,O$ but contained smaller amounts of 
Fez03 and CaO. Some were pure iron oxide but the majority contained calcium oxide in free 
form or as calcium iron oxide (Reference 24). 

Most of the spheroidal particles consisted of coarse-grained calcium hydroxide with a thin 
surface layer of calcium carbonate (Figure 3.16). Nearly all contained at least a few grains of 
calcium oxide, however, and some were found to be composed largely of this material (Figure 
3.18) -5 to 75 percent by volume. Although melted, particles of this kind probably underwent 
much the same chemical changes as the irregular particles, the principal difference being that 
they were incompletely hydrated. They varied in appearance from irregular to almost perfect 
spheres and in color from white to pale yellow (Figure 3.13, C, H, and IQ. Many had central 
cavities, as shown in Figure 3.16 and were in some cases open on one side. 

Because of their delicacy, the agglomerated particles could not be thin-sectioned and had to 
be crushed for petrographic and X-ray diffraction analysis. They were found to be composed 
primarily of calcium hydroxide and some calcium carbonate. It has been observed that similar 
particles are formed by the expansion of calcium oxide pellets placed in distilled water, and that 
the other kinds of fallout particles sometimes change into such aggregates if exposed to air for 
several weeks. The particles were flaky ln appearance, with typical agglomerated structures, 
and a transparent white in color (Figure 3.13, D, I, and .I); as verified by examination of IC 
trays in the YAG 40 laboratory immediately after collection, they were deposited in the forms 
shown. 

The densities of 71 yellow spheroidal particles, 44 white spheroidal particles, and 7 irregular 
particles from Shot Zuni were determined (Reference 25) using a density gradient tube and a 
bromoform-bromobenzene mixture with a range from 2.0 to 2.8 gm/cm3. These results, show- 
ing a clustering of densities at 2.3 and 2.7 gm/cm3, are summarized in Table 3.8. The yellow 
spheres are shown to be slightly more dense than the white, and chemical spot tests made for 
iron gave relatively high intensities for the former with respect to the latter. No density deter- 
minations were made for agglomerated particles, but one black spherical particle (Table 3.7) 
was weighed and calculated to have a density of 3.4 gm/cm3. 

The subject of size distribution has been covered separately in Section 3.2.4, and all infor- 
mation on particle sizes is included in that section. 

Radiochemical Characteristics. Approximately 30 irregular, spheroidal and ag- 
glomerated particles from Shot Zuni were subjected to individual radiochemical analysis (Ref- 
erence 26), and the activities of about 30 more were assayed in such a way that certain of their 
radiochemical properties could be inferred. A number of particles of the same type were also 
combined in several cases so that larger amounts of activity would be available. These data 
are tabulated in Tables B.7 and B.8. 

Radiochemical measurements of Sr*‘, Mea), Ba140-La1Jo and Nptss were made. (All classified 
information such as the product/fission ratio for NP*~‘, which could not be included in Reference 
26, and the limited amount of data obtained for Shots Tewa and Flathead were received in the 
form of a private communication from the authors of Reference 26.) For the most part, con- 
ventional methods of analysis (References 27 and 28) were used, although the amounts of NP*~ 
and MO” (actually Tcasm) were determined in part from photopeak areas measured on the single- 
channel gamma analyzer (Section 2.2 and Reference 29). The total number of fissions in each 
sample was calculated from the number of atoms of MO” present, and radiochemical results 
were expressed as R-values using MO” as a reference. (R-values, being defined as the ratio 
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d the observed amount of a given nuclide to the amount expected from thermal neutron fission 
,,f U*x, relative to some reference nuclide, combine the effects of fractionation and variations 
m fission yield and contain a number of experimental uncertainties. Values between 0.5 and 1.5 
wet be considered significantly different from 1.0. ) Selected particles were also weighed so 
that the number of fissions per gram could be computed. 

Radioactivity measurements were made in the gamma well counter (WC) and the 4-n gamma 
ionization chamber (GIG), both of which are described in Section 2.2. Because the efficiency of 
the former decreased with increasing photon energy, while the efficiency of the latter increased, 
samples were often assayed in both instruments and the ratio of the two measurements (counts 
per minute per 10’ fissions to milliamperes per 10’ fissions) used as an indication of differences 
in radionuclide composition. 

R will be observed that the particles in Table B.7 have been classified according to color and 
shape. For purposes of comparing radiochemical properties, spheroidal and agglomerated par- 
ticles have been grouped together and designated as “altered particles,” while irregular parti- 
cles have been designed “unaltered particles.” The latter should not be interpreted literally, 
d course; it will be evident from the foregoing section that the majority of irregular particles 
bve undergone some degree of chemical change. Particles were classified as altered if they 
exhibited the obvious physical changes of spheroidal or agglomerated particles under the optical 
microscope. 

Radiochemical results for all altered and unaltered particles from Shot Zuni are summarized 
in Table 3.9, and activity ratios of the particles from this shot and Shot Tewa are compared in 
Table 3.10. The differences in radiochemical composition suggested in the tables are empha- 
sized in Figure 3.20, which shows how the energy-dependent ratios (counts per minute per lo’ 
fissions, milliamperes per 10’ fissions and counts per minute per milliamperes) varied with 
time, and in Figure 3.21, wherein the data used for computing the R-values and product/fission 
(p/f) ratios (number of atoms of induced product formed per fission) in Tables B.7 and B.8 are 
presented graphically by plotting the numbers of atoms of each nuclide in a sample versus the 
munber of atoms of MO”. Data obtained from calibration runs with neutron-irradiated U*x are 
plotted in the former for comparison; and the standard cloud sample data for NP*~‘, as well as 
those derived from the estimated device fission yields for Ba”’ and Sraa, are included in the 
ktter. 

8: is interesting to note that these results not only establish that marked differences exist 
between the two types of particles, but also show the altered particles to be depleted in both 
B#O_~l40 and Sraa 

depleted in Srae. 
while the unaltered particles are enriched in Ba”“-L,a”o and perhaps slightly 

The altered particles are also seen to be about a factor of 100 higher than the 
unaltered in terms of fissions per gram. When these R-values are compared with those obtained 
k”m gross fallout samples (Tables 3.17 and 3.21), it is further found that the values for altered 
micles resemble those for samples from the lagoon area, while the values for the unaltered 
micles resemble those from cloud samples. 
’ *ctivity Relationships. All of the particles whose gamma activities and physical 
Properties were measured in the YAG 40 laboratory (Table B.34), as well as several hundred 
addiuonal particles from the incremental collectors on the other ships and barges, were studied 
qstematically (Reference 30) in an attempt to determine whether the activities of the particles 
kre functionally related to their size. 
wd in Figures 3.22 and 3.23. 

These data are listed in Table B.9 and the results are 
Possible relationships between particle activity, weight, and 

denstty Were also considered (Reference 25), using a separate group of approximately 135 par- 
.!eies collected on the YFNB 29 during Shots Zuni and Tewa and the YAG 39 during Shot Tewa 
?y; Figures 3.24 and 3.25 show the results. 
l As implied by the differences in radiochemical composition discussed in the preceding section, 
WkM 

*‘, 

diffe rences exist in the gamma-radtation characteristics of the different types of parti- 
Compared with the variations in decay rate andenergy spectrum observed for different 

par%es Collected at about the same time on the YAG 40 (Figures B.2, B.3 and B.4), altered 
Pzrticles show large changes relative to unaltered particles. 
erence 26 Ulustrate this point. 

Figures 3.26 and 3.27 from Ref- 
The former, arbitrarily normalized at 1,000 hours, shows how 
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wel.l-counter decay rates for the two types of PahiCleS deviate on both sides of the interval from 

200 to 1,200 hours, and how the same curves fail to coincide, as they should for equivalent radio_ 
nuclide compositions, when plotted in terms d 10’ fissions. The latter shows the regions in 
which the primary radionuclide deficiencies exist. 

The previous considerations suggest that Particles should be grouped according to type for 
the study af activity-size relationships. 

Figures 3.22 and 3.23 show the results of a study made in this way (Table B.9). A large num- 
her af the particles for which size and activity data were obtained in the YAG 40 laboratory dur- 
ing shots zmi and Tewa were first grouped according to size (16 groups, about 32 microns wide, 
from II to 528 microns), then subdivided according to type (irregular or angular, spheroidal or 
spherical, and agglomerated) within each size group. The distribution of activities in each size 
group and subgroup was considered and it was found that, while no regular distribution was ap- 
parent for the size group, the subgroup tended toward normal distribution. Median activities 
were utilized for both, but maximum and minlmum values for the overall size group were ln- 
chided in Table B.9 to show the relative spread. It will be observed that activity range and 
median activity both increase with Sfie. 

Similar results for groups of particles removed from IC trays exposed aboard the YAG 39, 
LST 611, YF’NR 13, and YFNB 29 during Shot Tewa are also included in Table B.9. These have 
not been plotted or used in the derivation of the final relationships, because the particles were 
removed from the trays and well- counted between 300 and 600 hours after the shot, and many 
were so near background that their activities were questionable. (This should not be interpreted 
to mean that the fallout contained a significant number of inactive particles. Nearly 100 percent 
of the particles observed in the YAG 40 laboratory during Shots Zuni and Tewa were active. ) 

In the figures, the median activity of each size group from the two sets of YAG 40 data has 
been plotted against the mean diameter of the group for the particles as a whole and several of 
the particle type subgroups. Regression lines have been constructed, using a modified least- 
squares method with median activities weighted by group frequencies, and 95-percent-confidence 
bands are shown in every case. Agglomerated particles from Shot Zuni and spheroidal particles 
from Shot Tewa have not been treated because of the spars&y of the data. 

It should also be noted that different measures of diameter have been utilized in the two cases. 
The particles from both shots were sized under a low-power microscope using eyepiece microm- 
eter disks; a series of sizing circles was used during Shot Zunt, leading to the diameter of the 
equivalent projected area Da, while a linear scale was used for Shot Tewa, giving simply the 
maximum particle diameter Dm . The first method was selected because it could be applied 
under the working conditions in the YAG 40 laboratory and easily related to the method described 
in Section 3.2.4 (Figure B.5); the second method was adopted so that more particles could be proc- 
essed and an upper limit established for size in the development of activity-size relationships. 

The equations for the regression lines are given in the figures and summarized as follows: 
all particles, Shot Zuni, A a: Da*“, Shot Tewa, A = D,“” ; 
a D,2*2, shot Tewa, A 0: I),‘. ’ ; 

irregular particles, Shot Zuni, A 
spheroidal particles, Shot Zuni, A a Da’.‘; and agglomerated 

particles, Shot Tewa, A a Dm2” . 
hnalogous relationships for Tewa particles from the YFNE 29 were derived on the basis of 

much more limited data in Reference 25, using maximum diameter as the measure of size. 
These are listed below; error not attributable to the linear regression was estimated at about 
200 Percent for the first two cases and 400 percent for the last: all particles, A a: Dm2~o’ ; ir- 
regular particles, A a Dm1-a2 ; and spheroidal particles, A c1: DmaW3’ .) 

It may be observed that the activity of the irregular particles varies approximately as the 
square af the diameter. This is in good agreement with the findings in Reference 23; the radio- 
autographs in Figures 3.14 and 3.17 show the activity to be concentrated largely on the surfaces 
of the irregular Particles. The activity of the spheroidal particles, however, appears to vary 
as the third or fourth power of the diameter, which could mean either that it is a true function 
of Particle volume or that it diffused into the molten particle in a region of higher activity con- 
centration in the cloud. The thin-section radioautographs suggest the latter to be true, showing 
the activity to be distributed throughout the volume in some cases (Figure 3.16) but confined to 
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w surface in others (Figure 3.18). It may also be seen that the overall variation of activity 
with size is controlled by the irregular particles, which appear to predominate numerically in 
w fallout (Table B.9), rather than by the spheroidal particles. Table 3.11 illustrates how the 
rctivity in each sixe group was divided among the three particle types. 

No correlation of particle activity with density was possible (Figure 3.25) but a rough rela- 
tionship with weight was derived for a group of Tewa particles from the YFNB 29 on the basis 
af Figure 3.24: A a w”, where W refers to the weight in micrograms and nonregression 
error is estimated at - 140’percent (Reference 25). (An additional study was performed at 
RlIDL, using 57 particles from the same source and a more stable microbalance. The result- 
ing relation was: A a w 
e a WzD. 

*“. ) This result is consistent with the diameter functions, because 
The relative activities of the white and yellow spheroidal particles referred to ear- 

lier were also compared and the latter were found to be slightly more active than the former. 

3.3.2 Surry Particles. All of the fallout collected during Shots Flathead and Navajo consist- 
ed of slurry particles whose inert components were water, sea salts, and a small amount of 
fnsoluble solids. (Although IC and SIC trays containing greased disks were interspersed among 
those containing reagent films for shots, no isolated solid particles that were active were ob- 
served.) Large crystals displaying the characteristic cubic shape of sodium chloride were oc- 
casionally observed in suspension. The physical and chemical, radiochemical, and radiation 
ckuacteristics of these particles are discussed below. Table B.35 contains representative sets 
of data, including data on particles collected on the YAG 40 and at several other stations during 
each shot. 
. Physical and Chemical Characteristics. Slurry particles have been studied 
extensively and are discussed in detail in Reference 31. The results of preliminary studies of 
the insoluble solids contained in such particles are given in Reference 32. Figure 3.28 is a 
Pbotomicrograph of a typical deposited slurry droplet, after reaction with the chloride-sensitive 
,.reagent film surface. The chloride-reaction area appears as a white dish, while the trace or 
impression of the impinging drop is egg shaped and encloses the insoluble solids. The concen- 
t&c rings are thought to be a Liesegang phenomenon. An electronmicrograph of a portion of the 
eOlids is shown in Figure 3.29, illustrating the typical dense agglomeration of small spheres 
and irregular particles. 

The physical properties of the droplets were established in part by microscopic examination 
in the YAG 40 laboratory soon after their arrival, and in part by subsequent measurements and 
‘calculations. For example, the dimensions of the droplets that appeared on the greased trays 
provided a rapid approximation of drop diameter, but the sphere diameters reported in Table 
j.12 were calculated from the amount of chloride (reported as NaCl equivalent) and Hz0 meas- 
ured later from the reagent films. It wffl be noted that particle size decreased very slowly with 
thne; and that for any given time period, size distribution need not be considered, because stand- 
ard devfations are small. Average densities for the slurry particles, calculated from their di- 
mensions and the masses of NaCl and Hz0 present, are also given in Table 3.12. 
’ 0~. the basis of the data in Table 3.12, and a calibration method for solids volume that in- 
volved the coRection on reagent film of simulated slurry droplets containing aluminum oxide 
suspensions of appropriate diameter at known concentrations, it was estimated that the particles 
were about 80 percent NaCl, 18 percent H20, and 2 percent insoluble solids by volume. The 
.uer were generally amber in color and appeared under high magnification (Figure 3.29) to be 
.womerates composed of irregular and spherical solids ranging in size from about 15 microns 
: ta leaa than O.limicron in diameter. The greatest number of these solids were spherical and 
less than 1 micron in diameter, although a few were observed in the size range from 15 to 60 
mtcrons. 

‘-_ Chemical properties were determined by chloride reagent film, X-ray diffraction, and elec- 
tron dLffractton techniques. (The gross chemistry of slurry drops is of course implicit in the 

.*Yses of the OCC collections from Shots Flathead.and Navajo (Table B.18); no attempt has 
been made to determine the extent of correlation.) The first featured the use of a gelatin film 
contafMng colloidal red silver dichromate, with which the soluble halides deposited on the film 
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react when dissolved in saturated, hot water vapor. The area of the reaction disk produced, 
easily measured with a miCrOscoPe, is proportional to the amount of NaCl present (Reference 
33). The values of NaCl mass listed in Table 3.12 were obtained by this method; the values of 
Hz0 mass were obtained by constructing a CalibratiOn curve relating the volume of water in the 
particle at the time of impact to the area of its initial impression, usually well defined by the 

insoluble solids trace (Figure 3.28). Because the water content of slurry fallout varies with 
atmospheric conditions at the time of deposition, mass is expressed in terms of the amount of 
NaCl present; the weight of water may be estimated by multiplying the NaCl mass by 1.2, the 
average observed factor. 

Conventional X-ray diffraction methods were used for qualitative analysis of the insoluble 
solids, skipped from the reagent film by means Of an acrylic spray coating, and they were 
found to consist of calcium iron oxide (2 Ca0.Fez03), oxides of calcium and iron, and various 
other compounds (Table 3.13). Some of these were also observed by electron diffraction. 

Radiochemical Characteristics. Thirteen of the most-active slurry particles 
removed from the SIC trays in the YAG 49 laboratory during Shot Flathead were combined (Ref- 
erence 28), and analyzed radiochemically in much the same way as the solid particles described 
earlier in Section 3.3.1. The sample was assayed in the gamma well counter (WC) and the 4-n 
gamma ionization chamber (GIC), then analyzed for Moss, Ba1’0-La140, Sr”, and Npz3’ ; tctal 
fissions, activity ratios, R-values and the product/fission ratio were computed as before. The 
results are presented in Table 3.14. 

It may be seen that the product/fission ratio and Rss(89) value are comparable with the values 
obtained for gross fallout samples (Tables 3.17, 3.18, and 3.21), and that the overall radionuclide 
composition resembles that of the unaltered solid particles. Slight depletion of both Ba”“-La140 
and Sres is indicated. 

Activity Relationships. Since the mass of slurry-particle fallout was expressed in 
terms of,NaCl mass, it was decided to attempt to express activity relationships in the same 
terms. This was accomplished in two steps. First, the H+ la-hours well-counter activities 
measured on the IC trays from the majority of the stations listed in Table 3.12 were summed 
to arrive at the total amounts of activity deposited per unit area (counts per minute per square 
foot). These values were then divided by the average specific activity calculated for each sta- 
tion (counts per minute per microgram NaCl) to obtain the total amount of NaCl mass deposited 
per unit area (micrograms NaCl per square foot). Results for Shot Flathead are plotted in Fig- 
ure 3.30, and numerical values for both shots are tabulated in Table B.ll; the Navajo results 
were not plotted because of insufficient data. (Figure 3.30 and Table B.ll have been corrected 
for recently discovered errors in the tray activity summations reported in Reference 31. ) 

While this curve may be used to estimate the amount of activity associated with a given 
amount of slurry-fallout mass in outlying areas, it must be remembered that the curve is based 
on average specific activity. It should also be noted that the unusually high values of NaCl mass 
obtained for the YFNB 29 during Shot Flathead have not been plotted. A correspondingly high 
value for the YFNB 13 during Shot Navajo appears in the table. These were felt to reflect dif- 
ferences in composition which are not yet well understood. 

A preliminary effort was also made to determine the way in which the activity of slurry par- 
ticles was divided between the soluble and insoluble phases. As illustrated in Figure 3.31, 
radioautographs of chloride reaction areas on reagent films from all of the Flathead collections 
and a few of the Navajo shipboard collections indicated that the majority of the activity was as- 
sociated with the insoluble solids. This result was apparently confirmed when it was found that 
84 Percent of the total activity was removable by physical stripping of the insoluble solids; how- 
ever, more careful later studies (private communication from N. H. Farlow, NRDL) designed 
to establish the amount of activity in solids that could not be stripped from the film, and the 
amount of dissolved activity in gelatin removed with the strip coating, decreased this value to 
85 Percent. It must be noted that the stripping process was applied to a Flathead sample from 
the YAG 49 only, and that solubility experiments on OCC collections from other locations at 
Shot Navajo (Reference 32) indicated the partition of soluble-insoluble activity may vary with 
collector location or time of arrival. The latter experiments, performed in duplicate, yielded 

54 



average insoluble percentages Of 93 and 14 for the YAG 39 (two aliquots) and the YFNB 13 re- 
spectively. 

While such properties of barge shot fallout as the slurry nature of the droplets, diameters, 
densities, and individual activities have been adequately measured, it is evident that more ex- 
tensive experimentation is required to provide the details of composition of the solids, their 
contribution to the weight of the droplets, and the distribution of activity within the contents of 
the droplets. 

3.3.3 Activity and Fraction of Device. An estimate of the total amount of activity deposited 
at every major and minor station during each shot is listed in Table 3.15. Values are expressed 
both as fissions per square foot and fraction of device per square foot for convenience. In the 
case of the major stations the weighted mean and standard deviation of measurements made on 
the four OCC’s and two AGCt’s on the standard platform are given, while the values tabulated 
for the minor stations represent single measurements of AGCr collections. Basic data for both 
cases are included in Tables B.12 and B-14. (Tray activities were found to pass through a max- 
imum and minimum separated by about 180 degrees when plotted against angular displacement 
from a reference direction; ten values at 20-degree intervals between the maximum and mini- 
mum were used to compute the mean and standard deviation (Section 4.3.2).) 

The number of fissions in one OCC tray from each major station and one standard cloud sam- 
ple was determined by radiochemical analysis for MO” after every shot (Reference 34). Because 
these same trays and samples had previously been counted in the doghouse counter (Section 2.21, 
the ratio of doghouse counts per minute at 100 hours could then be calculated for each shot and 
location, as shown in Table B.13, and used to determine the number of fissions in the remaining 
CCC trays (fissions per 2.60 ft’, Table B.12). Final fissions per square foot values were con- 
verted to fraction of device per square foot by means of the fission yields contained in Table 2.1 
and use of the conversion factor 1.45 x 10” fissions/Mt (fission). (Slight discrepancies _may be 
found to exist in fraction of device values based on MO a8, because only interim yields were avail- 
able at the time of calculation.) 

Aliquots from some of the same CCC trays analyzed radiochemically for MO” were also 
measured on the dip counter. Since the number of fissions in the aliquots could be calculated 
and the fallout from Shots Flathead and Navajo was relatively unfractionated, the total number 
a fissions in each AOCr from these shots could be computed directly from their dip-counter 
activities using a constant ratio of fissions per dip counts per minute at 100 hours. Table B.141 
gfves the results. 

Shot Zuni, and to a lesser extent Shot Tewa, ‘fallout was severely fractionated, however, and 
it was necessary first to convert dip-counter activities to doghouse-counter activities, so that 
the more-extensive relationships between the latter and the fissions in the sample could be util- 
@d- With the aliquot measurements referred to above, an average value of the ratio of dog- 
house activity per dip-counter activity was computed (Table B.15), and this used to convert all 
dfp counts per minute at 100 hours to doghouse counts per minute at 100 hours (Table B.14II). 

.Tbe most appropriate value of fissions per doghouse counts per minute at 100 hours was then 
@?lected for each minor station, on the basis of its location and the time of fallout arrival, and 

.tba total number of fissions calculated for the collector area, 0.244 ft?. 
;.foot values were arrived at by normalizing to 1 ft*, 

Final fission per square 
and fraction of device per square foot was 

;?Qputed from the total number of device fissions as before. 
;‘?- ManY of the results presented in this report are expressed in terms of lo’ fissions. For 
+mPle, all gamma- and beta-decay curves in Section 3.4 (Figures 3.34 to 3.38) are plotted in 
>units of counts per second per lo’ fissions, and the final ionization rates as a function of time 
‘lor each shot (F&ure 3.39) are given in terms of roentgens per hour per 10’ fissions per square 
“Oaa Thus the estimates in Table 3.15 are all that is required to calculate the radiation inten- 
lwes whicfI would have been observed at each station under ideal conditions any time after the 
cessation of fallout It should be noted, however, that the effects of sampling bias have not been 
e*irelY eiiminated’from the tabulated values and, consequently, will be reflected in any quantity 
determmed by means of them. Even though the use of weighted-mean collector values for the 
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major stations constitutes an adjustment for relative platform bias, the question remains as to 
what percent of the total number of fissions per unit area, which would have been deposited in 
the absence of the collector, were actually collected by it. This question is considered in detail 

in Section 4.3.2. 

3.3.4 Chemical Composition and Surface Density. The total mass of the fallout collected per 
unit area at each of the major stations is summarized for all four shots in Table 3.16. Results 
are further divided into the amounts of Coral and Sea Water Ixding up the totals, on the assump- 
tion that all other components in the device complex contributed negligible mass. These values 
were obtained by conventional quantitative chemical analysis of one or more of the OCC tray 
collections from each station for calcium, sodium, chlorine, potassium, and magnesium (Ref- 
erences 35 through 38); in addition analyses were made for iron, copper and uranium (private 
communication from C. M. Callahan and J. R Lai, NRDL). The basic chemical results are pre- 
sented in Tables B-16 and B.18. (Analyses were also attempted for aluminum and lead; possibly 
because of background screening, however, they were quite erratic and have not been included.) 

The chemical analysis was somewhat complicated by the presence in the collections of a rela- 
tively large amount of debris from the fiberglass honeycomb (or hexcell) inserts, which had to 
be cut to collector depth and continued to spall even after several removals of the excess mate- 
rial. It was necessary, therefore, to subtract the weight of the fiberglass present in the samples 
in order to arrive at their gross weights (Table B.180. The weight of the fiberglass was deter- 
mined in each case by dissolving the sample in hydrochloric acid to release the carbonate, fil- 
tering the resultant solution, and weighing the insoluble residue. In addition, the soluble portion 
of the resin binder was analyzed for the elements listed above and subtracted out as hexcell con- 
tribution to arrive at the gross amounts shown (References 39 and 40). Aliquots of the solution 
were then used for the subsequent analyses. 

It was also necessary to subtract the amount of mass accumulated as normal background. 
These values were obtained by weighing and analyzing samples from a number of OCC trays 
which were known to have collected no fallout, although exposed during the fallout period. Many 
of the trays from shot Cherokee, as well as a number of inactive trays from other shots, were 
used; and separate mean weights with standard deviations were computed for each of the elements 
under ocean and land collection conditions (Tables B.16 and B.18). 

After the net amount of each element due to fallout was determined, the amounts of original 
coral and sea water given in Table 3.16 could be readily computed with the aid of the source 
compositions shown in Table B.16. In most cases, coral was determined by calcium; however, 
where the sea water/coral ratio was high, as for the barge shots, the sea water contribution o 
the observed calcium was accounted for by successive approximation. Departure from zero of 

t. the residual weights of the coral and sea water components shown in Table B.18 reflect comb ed 
errors in analyses and compositions. It should be noted that all f values given in these data 
represent only the standard deviation of the background collections, as propagated through the 
successive subtractions. In the case of Shot Zuni, two OCC trays from each platform were 
‘analyzed several months apart, with considerable variation resulting. It is not known whether 
collection bias, aging, or inherent analytical variability is chiefly responsible for these dis- 
crepancies. 

The principal components of the device and its immediate surroundings, exclusive of the 
naturally occurring coral and sea water, are listed in Table B.17. The quantities of iron, copper 
and uranium in the net fallout are shown in Table B.181 to have come almost entirely from this 
source. Certain aliquots from the OCC trays used for radiochemical analysis were also ana- 
lyzed independently for these three elements (Table B.18II). These data, when combined with 
the tabulated device complex information, allow computation of fraction of device; the calcula- 
tions have been carried out in Section 4.3.4 for uranium and iron and compared with those based 
on MO”. 

3.4 RADIONUCLJDE COMPOSITION AND RADIATION CHARACTERISTICS 

3.4.1 Approach. If the identity, decay scheme, and disintegration rate of every nuclide in 
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a sample are known, then ail emitted particle or photon properties of the mixture can be com- 
plted. If, in addition, calibrated radiation detectors are available, then the effects of the sam- 

ple emissions in those instruments may also be computed and compared with experiment. Fi- 

dy, air-ionization or dose rates may be derived for this mixture under specified geometrical 
conditions and concentrations. 

III the calculations to follow, quantity of sample is expressed in time-invariant fissions, i.e., 
the number of device fissions responsible for the gross activity observed; diagnostically, the 
quantity is based on radiochemically assayed MO” and a fission yield of 6.1 percent. This nuclide, 
therefore, becomes the fission indicator for any device and any fallout or cloud sample. The 
computation for slow-neutron fission of UtS, as given in Reference 41, is taken as the reference 
fission model; hence, any R”(x) values in the samples differing from unity, aside from experi- 
mental uncertainty, represent the combined effects of fission kind and fractionation, and neces- 
sitate modification of the reference model if it is to be used as a basis for computing radiation 
properties of other fission-product compositions. (An R-value may be defined as the ratio of 
the amount of nuclide x observed to the amount expected for a given number of reference fissions. 
The notation Rg’(x) means the R-value of mass number x referred to mass number 99.) 

Two laboratory instruments are considered: the doghouse counter employing a l-inch- 
diameter-by-l-inch-thick NaI(T1) crystal detector, and the continuous-flow proportional beta 
counter (Section 2.2). The first was selected because the decay rates of many intact CCC col- 
lections and all cloud samples were measured in this instrument; the second, because of the 
desirability of checking calculated decay rates independent of gamma-ray decay schemes. Al- 
though decay data were obtained on the 4-n gamma ionization chamber, response curves (Ref- 
erence 42) were not included in the calculations. However, the calculations made in this section 
are generally consistent with the data presented in Reference 42. The data obtained are listed 

In Table B.26. 

, 3.4.2 Activities and Decay Schemes. The activities or disintegration rates of fission prod- 
W8 for 1W fissions were taken from Reference 41; the disintegration rates are used where a 
‘radioactive disintegration is any spontaneous change in a nuclide. Other kinds of activities are 

Vilified, e.g., beta activity. (gee Section 3.4.4.) Those of induced products of interest were 

computed for 10’ fissions and a product/fission ratio of 1, that is, for 10 initial atoms (Refer- 
ien= 43). 
i fiepublication results of a study of the most-important remaining nuclear constants-the 

&aY schemes of these nuclidea -are contained in References 42 and 44. The proposed 
schemes, which provide gamma and X-ray photon energies and frequencies per disintegration, 
mude all fission products known up to as early as -45 minutes, as well as most of the induced 
m&S required. ALI of the following calculations are, therefore, limited to the starting time 
mentioned and are arbitrarily terminated at 301 days. 

” 3.4.3 Instrument Response and Air-Ionization Factors. 
,Qsbo 

A theoretical response curve for the 
use counter. based on a few calibrating nuclides. led to the expected counts/disintenration 

id each fission and induced product as a function of time, for a point-source geometry and 10’ 

,~afo~ or initial atoms (Reference 43). 
:*lides were also included. 

The condensed decay schemes of the remaining induced 
To save time, the photons emitted from each nuclide were sorted 

2.fnt” Standardized energy tncrements, 21 of equal logarithmic width comprising the scale from 
2g kev to 3.25 Mev. The response was actually computed for the average energy of each incre- 
T-*% which in general led to errors no greater than 
$ 

- 10 percent. 
-** C%ting rates expected in the beta counter were obtained from application cd the physical- 
$&rnetJ’y factor to the theoretical total-beta and positron activity of the sample. 
’ *nse W.rve essentially flat to beta 

With a re- 
E a over a reasonably wide range of energies, it was not 

‘=PecessarY to derive the response to each nuclide and Sum for the total. Because the samples 
hwnre essentially weightless point sources, supported and covered by 0.60 mg/cm* of pliofilm, 
I- % and absorption corrections were not made to the observed count rates; nor were 
,?-a -ray contributions subtracted out. Because many of the detailed corrections are self- 
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canceling, it is assumed the results are correct to within -20 percent. The geometries (or 
counts/beta) for Shelves 1 through 5 are given in Section A.2. 

Air-ionization rates 3 feet above an infinite uniformly contaminated plane, hereafter referred 
to as standard conditions (SC), are based on the curve shown in Figure B.6, which was originally 
obtained in another form in Reference 7. The particular form shown here, differing mainly in 
choice of parameters and units, has been published in Reference 45. Points computed in Ref- 
erence 46 and values extracted from Reference 47 are also shown for comparison. The latter 
values are lbw, because air scattering is neglected. 

The ionization rate (SC) produced by each fission-product nuclide as a function of time for 
lo’ reference fissions/f? (Reference l?), was computed on a line-by-line basis; the induced 
products appear in Table B.19 for 10’ fissions/ft’ and a product/fission ratio of 1, with lines 
grouped as described for the doghouse-counter-response calculations. 

The foregoing sections provide all of the background information necessary to obtain the ob- 
jectives listed in the first paragraph of Section 3.4.1, with the exception of the actual radionuclide 
composition of the samples. The following sections deal with the available data and methods used 
to approximate the complete composition. 

3.4.4 Observed Radionuclide Composition. Radiochemical R-values of fission products are 
given in Table 3.17 and observed actinide product/fission ratios appear in Table 3.18, the two 
tables summarizing most of the radiochemistry done by the Nuclear and Physical Chemistry, 
and Analytical and Standards Branches, NRDL (Reference 34). 

The radiochemical results in Reference 34 are expressed as device fractions, using fission 
yields estimated for the particular device types. These have been converted to R-values by use 
of the equation: 

FOD&) FYE(X) 
Ry (x) = FOD(99) l m 

Where RtB (x) is the R-value of nuclide x relative to MoB9 ; FODR(X) and FYH(x) are respec- 
tively the device fraction and estimated yield of nuclide x reported in Reference 34, FYe(x) is 

-the thermal yield of nuclide x, and FOD(99) is the device fraction by MoB9. The thermal yields 
used in making this correction were taken from ORNL 1793 and are as follows: ZrB5, 6.4 per- 
cent; Tel%, 4.4 percent; Sr”, 4.8 percent; S?, 5.9 percent; Csi3?, 5.9 percent; and Cel”, 6.1 
percent. The yield of MoBB was taken as 6.1 percent in all cases. The R-values for all cloud- 
sample nuclides were obtained in that form directly from the authors of Reference 34. 

Published radiochemical procedures were followed (References 48 through 54), except for 
modifications of the strontium procedure, and consisted of two Fe(OH)J and BaCrO, scavenges 
and one extra Sr(NO& precipitation with the final mounting as SrC03. Table 3.19 lists princi- 
pally product/fission ratios of induced activities other than actinides for cloud samples; sources 
are referenced in the table footnotes. 

Supplementary information on product/fission ratios in fallout and cloud samples was ob- 
tained from gamma-ray spectrometry (Tables B.20 and B.21) and appears in Table 3.20. 

3.4.5 Fission-Product-Fractionation Corrections. Inspection of Tables 3.17 through 3.20, 
as well as the various doghouse-counter and ion-chamber decay curves, led to the conclusion 
that the radionuclide compositions of Shots Flathead and Navajo could be treated as essentially 
unfractionated. It also appeared that Shots Zuni and Tewa, whose radionuclide compositions 
seemed to vary continuously from lagoon to cloud, and probably within the cloud, might be cov- 
ered by two compositions: one for the close-in lagoon area, and one for the more-distant ship 
and cloud samples. The various compositions are presented as developed, starting with the 
simplest. The general method and supporting data are given, followed by the results. 

Shots Flathead and Navajo. Where fission products are not fractionated, that is, 
where the observed R”(x) values are reasonably close to 1 (possible large R-values among low- 
yield valley and right-wing mass numbers are ignored), gross fission-product properties may 
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ba readily extracted from the sources cited. Induced product contributions may be added in 
,fter diminishing the tabular values (product/fission = 1) by the proper ratio. After the result- 
ant computed doghouse-counter decay rate is compared with experiment, the ionization rate (SC) 
s,ay be computed for the same COIXIpOSitiOn. Beta activities may also be computed for this com- 

position -making allowance for those disintegrations that produce no beta particles. The Navajo 
composition was computed in this manner, as were the rest of the compositions, once fractiona- 
ulpn corrections had been made. 
- Shot ZUni. A number of empirical corrections were made to the computations for un- 
Iractionated fission products in an effort to explain the decay characteristics of the residual 
radiations. from this shot. The lagoon-area composition was developed first, averaging avail- 
1Me lagoon area R-values. As shown in Figure 3.32, R-values of nuclides which, in part at 
Ieut, are decay products of antimony are plotted against the half life of the antimony precursor, 

_u&@I~ fission-product decay chains tabulated in Reference 56. [Some justification for the 

.- - 
\ . If the - .--~ 1 
assumptions are made that, after -45 minutes, the R-values of all members of a given chain 
are identical, and related to the half life of the antimony precursor, then Figure 3.32 may be 
ased to estimate R-values of other chains containing antimony precursors with different half 
Ifves. The R-value so obtained for each chain is then used as a correction factor on the activity 
(Reference 41) of each nuclide in that chain, or more directly, on the computed doghouse activ- 
iQ or ionization (SC) contribution (Table 3.21). The partial decay products of two other frac- 
tionating precursors, xenon and krypton, are also shown in Figure 3.32, and are similarly 
employed. These deficiencies led to corrections in some 22 chains, embracing 54 nuclides 
tbpt contributed to the activities under consideration at some time during the period of interest. 
‘k R-value of 1i3t was taken as 0.03; a locally measured but otherwise unreported I’3’/I131 ratio 
d 5.4 yields an I’33 R-value of 0.16. 

Although the particulate cloud composition might have been developed similarly, using a 
different set of curves based on cloud R-values, it was noticed that a fair relation existed be- 
bn cloud and lagoon nuclide R-values as shown in Figure 3.33. Here R”(x) cloud/Rgg(x) lagoon 
b Plotted versus R”(x) lagoon average. The previously determined lagoon chain R-values were 
*n simply multiplied by the indicated ratio to obtain the corresponding cloud R-values. The 
dotted lines indicate the trends for two other locations, YAG 39 and YAG 40, although these were 
aa pursued because of time limitations. It is assumed that the cloud and lagoon compositions 
represent extremes, with all others intermediate. 
abDt. 

No beta activities were computed for this 

Shot Tewa. Two simplifying approximations were made. First, the cloud and outer sta- 
t&a average R-values were judged sufficiently close to 1 to permit use of unfractionated fission 
products- Second, because the lagoon-area fission-product composition for Shot Tewa appeared 
to he the same as for its Zuni counterpart except in mass 140, the Zuni and Tewa lagoon fission 
-cts were therefore judged to be identical, except that the Ba140-La140 contribution was in- 
.?eased by a factor of 3 for the latter. 

;be 
The induced products were added in, using product/fission ratios appropriate to the location 
rever possible; however, the spars&y of ratio data for fallout samples dictated the use of 

$md 
;7 

vakes for most of the minor induced activities. 
$_ . . 

. %I? bStits and Discussion. 
‘k 

Table B.22 is a compilation of the computed doghouse count- 
rates for the compositions described; these data and some observed decay rates are shown 

ah ‘kures 3.34 through 3.37. AU experimental doghouse-counter data is listed in Table B.23. 
hble 8.24 similarly summarizes the Fhthead and Navajo computed beta-counting rates; they 
*’ CanWred with experiment in Figure 3.38, and the experimental data are given in Table 
825. 

Results of the gamma-ionization or dose rate (SC) calculations for a surface concentra- 
tioo of lot fissions/ft’ are presented in Table 3.22 and plotted in Figure 3.39. It should be em- 
*sized that these computed results are intended to be absolute for a specified composition 

59 



and number of fissions as determined by Moss content, and no arbitrary normalization has beea 
employed to match theory and experiment- Thus, the curves in Figure 3.39, for instance, rep_ 
resent the best available estimates Of the SC dose rate produced by lo’ flssions/ft’ of the vari~y 
n&lures. The MO” content of each of the samples represented is identical, namely the number 
corresponding to lo’ fissions at a yield of 6.1 percent. The curves are displaced vertically 
from one another solely because Of the fractionation of the other fission products with respect 
to Mog8, and the contributions of Various kinds and amounts of induced products. 

It may be seen that the computed and observed doghouse-counter decay rates are in fairly 
good agreement over the time period for which data could be obtained. The beta-decay curves 
for Shots Flathead and Navajo, initiated on the YAG 40, suggest that the computed gamma and 
ionization curves, for those events at least, are reasonably correct as early as 10 to 15 hours 
after detonation. 

The ionization results may not be checked directly against experiment; it was primarily for 
this reason that the other effects of the proposed compositions were computed for laboratory 
instruments. If reasonable agreement can be obtained for different types of laboratory detector9 
then the inference is that discrepancies between computed and measured ionization rates in the’ 
field are &,le to factors other than source composition and ground-surface fission concentration. 

The cleared area surrounding Station F at How Island (Figure 2.8) offers the closest approxi- 
mation to the standard conditions for which the calculations were made, and Shot Zuni was the 
only event from which sufficient fallout was obtained at this station to warrant making a com- 
parison. with the calculated dose rates based on the average buried-tray value of 2.08 kO.22 
x 10” fissions/f? (Table B.27) and the measured rates from Table B.28, (plotted in Figure B.?), 
the observed/calculated ratio varies from 0.45 at 11.2 hours to 0.66 from 100 to 200 hours, fall- 
ing to an average of 0.56 between 370 and 1,000 hours. Although detailed reconciliation of theory 
and experiment is beyond the scope of this report, some of the factors operating to lower the ra- 
tio from an ideal value of unity were: (1) the cleared area was actually somewhat less than in- 
finite in extent, averaging N 120 feet in radius, with the bulldozed sand and brush ringing the 

area in a horseshoe-shaped embankment some 7 feet high; (2) the plane was not mathematically 
smooth; and (3) the survey instruments used indicate less than the true ionization rate, i. e., the 
integrated response factor, including an operator, is lower than that obtained for Co” in the cal- 
ibrating direction. 

It is estimated that, for average energies from 0.15 Mev to 1.2 Mev, a cleared radius of 120 
feet provides from -0.80 to -0.70 of an infinite field (Reference 46). The Cutie Pie survey 
meter response, similar to the TlB between 100 kev and 1 Mev, averages about 0.85 (Reference 
17). These two factors alone, then, could depress the observed/calculated ratio to -0.64. 
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TABLE 3.1 TIMES OF ARBJVAL, PEAK ACTIVITY, AND CESSATION AT bfAJOR STATJON 

Time of nrrlvaJ (tn) LndJcatee the earlleo~ reliable arrlvpl Urn8 of faIlcut aa detarmlned from the 
JncrementaI collector and gamma time-intenelty recorder results. Time cf peak activity (tp) ln- 
dlcatce the time of peak ionJzatlcn rate (In parectheeee) and the time8 durJng which the lonJratlcn 
rate was within 10 percent of the peak rate. Ip refera to the peak lontzettoa rate. Time of ceeea- 
Zion (1,) lndkatee, Uret, the Ume by which 95 percent of the fallout had been deposited and, next, 
the extrapolated time of ceeeatlcn. 

shot StEStlOtl hi P 
=JLb TSD, hr 

Navajo 

s 

zuni 

Tewa 

PhtJl8ad YAG 40 (A,B) -6.0 

YAG 39 (C) 4.5 
LST 611 (D) 6.6 
YFNB 13 (E) 0.35 
YFNB 29 (@ii) 0.62 
How Wand (F) t 

12 
10 
9.0 
1.1 
1.2 

(17.0) 
(11.0) 

(9.1) 
(1.3) 
(1.62) 

t 

20 
13 

a.2 
1.6. 
1.S 

YAG 40 (A,B) 6.0 
YAG 39 (C) 2.3 
UT 611 (D) 3.0 
YFNB 13 (E) 0.20 
YFNB 29 (G,H) 0.69 
How J&and (F) 0.75 

11 
5.9 
6.6 
0.66 
1.2 

(12.3) 

(6.0) 
(6.1) 
(0.63) 
(1.33) 

1 

13 
6.2 
6.7 
0.73 
1.9 

YAG 40 (A,B) 3.4 
YMJ 39 (C) 12 
LST 611 (D) t 
YFNBl3 (E) 0.33 
YFNB 29 (G, H) 0.32 
How Island (F) 0.36 

6.2 
20 

(6.7) 
(25) 

8 
(1.25) 
(0.62) 
(1.05) 

7.7 
33 

0.97 
0.70 
0.98 

1.6 l 
1.2 
1.4 

YAG 40 (A,B) 4.4 6.2 (7.2) 7.6 
YAG 38 (C) 2.0 4.4 (5.0) 5.7 
LST 611 (D) 7.0 13 (13.6) 16 
YFNB 13 (E) 0.25 1.9 (1.9) 3.0 
YFNB 29 (G, H) 0.23 1.4 (1.7) 2.6 l 
How Jsland (P) 1.6 2.6 (2.9) 3.4 

l Estimated value; gamma time-intensity recorder eaturated. 
t NC determinatlca pceelble; incrementaI collector falled. 
$ No fallout occurred. 
I MinImum value. 
1 Instrument falled. 

IP tc 

r/Jtr TSD, hr 

0.259 22 to 23 
0.141 13 to 15 
0.006 20 to 25 

21.6’ 2.0 to t 
0.06 1.5 to 9.0 

t t 

0.129 16 to 20 
1.49 15 to 16 
0.043 13 to 16 
8.5 1.9 to 9.0 f 
0.116 3.2 to 14 D 

1 4.5 to 7.0 0 

7.6 7.4 to 13 
0.036 29 to 33 

: : 
6. 1.a to a.3 
9.6 2.4 to 3.3 
2.9 1.9 to 2.6 

7.43 6.5 to 16 
20.2 5.3 to 16 

0.266 14 to 16 
2.5 7.0 to 16 

40. 4.3 to 16 
2.6 3.3 to 9.0 

IN TILE ATOLL AIUA 

Time of arrJvaJ (td Indloatoo the arrIvuI tlmu of fvllout ua duturmlnud 
from the time of arrival detector results. 

Statlon 
shot PlatJlcad Shot NavaJo Bhot ZunJ Bhct Tewa 

ta t a ‘u (a 

TSD, hr TSD, hr TSD, hr TSD, br 

YFNB 13 (E) 
YFNB 29 (G) 
YFNB 28 (If) 
How Jeland (F) 

How Inland (Kj 
George Ieland (L) 
Charlie Jsland (M) 
WlJl1a.m Island (M) 

l . 

0.77 . 
0.66 . 
: l 

1 l 

0.02 t t 
- t 
8 - 

t 4 
t 0.73 

0.6 0.05 t 
9.11 9.4 

t t 
4.7 $ 
t t 
t t 

t 
0.40 
0.40 
0.35 
0.40 I 
0.33 

- 

0.22 

l 

l 

. 

1 

l 

t 

t 

- 

Raft-l (P) 
Raft-2 (R) 
Raft-3 (5) 
Skiff-AA 
SkJff-BB 
SJdff-CC 
SJ&-DD 
Skiff-EE 

* t 

0.33 

t 
0.23 

l 

3.6 D 
l 

I 

3.0 D 

: 

0.46 
5.0 

t 
4.2 

t 
t 

Skiff-FF 
SkJff-ciG 
SkJff-HH 
SkJff-JCJf 
tiff-LL 
Skiff-MM 
Skiff-PP 
SkKf-RR 

skiff-ss 
Skiff-TT 
SJcJff-uu 
skiff-w 
SkJff-ww 
Skiff-XX 
Skiff-YY 

l . 

l l 

t t 

t t 

: 1 
l 4.3 

t 1.4 
4.1 t 

10.6 - t 
t t t 
t - t 

- . - l 

- - 

t 
2.0 D 

t 
. 

t 
2.9 

. 

1.7 

- 

t 
2.9 I 
2.2 

t 
: 

2.0 

t 
t 

- 

t 
- 
- 
t 

1.2 I 

t 

l skiff or Inetrument lost, or no Inetrurnent present. 
t Inntrument maLfunctIoned or may have malfunctloned. 
$ Actlvlty level 1rrPufflclent to trigger Inetrument; no fallout or only Ught 

fallout occurred. 
I Eellmated value; clock reading corrected by * an JntcgraI number of dayo. 
1 Jnatrumnnt may have trlggared at peak; low arrivnl rute. 



TABLE 3.3 PENETRATlON RATES DERIVED FROM EQUIVALENT- 
DEPTH DETERMINATIONS 

Shot 
Number Time Studied 

I Limits 

Station From To 
Ram 

of Points 
95 pet 

Confidence 
TSD, hr mh m/hr 

Flathead YAC 39 l6 6.3 12.6 3.0 2.5 
Navajo YAC 39 10 7.4 16.6 2.6 0.2 
Navajo YAC 40 4 10.0 13.0 4.0 2.1 
Tewa YAG 39 26 5.1 14.6 3.0 0.7 
Tewa YAC 40 5 5.2 6.1 4.0 2.9 

TABLE 3.4 DEPTHS AT WHICH PENETRATION CEASED FROM EQUIVALENT- 
DEPTH DETERMINATIONS 

Shot 
Number Time Studied 

l Limits Estimated 
station 

of Points From To Depth 95 pet Thermocline 
Confidence Depth l 

TSD, hr meters meters meters 

Navajo YAG 39 

Tewa YAC 39 

l See Reference 15. 

13 30.9 40.1 62 15 40 to 60 
17 15.3 20.5 49 10 40 to 60 

31.8 34.6 

TABLE 3.5 MAXIMUM PENETRATION RATES OBSERVED 

Shot 
Number Time Studied 

f Limits 
StatiOn 

Of Points From To 
Rate 95 pet 

Confidence 
TSD, hr m/hr m/hr 

zuni YAG 39 3 15.2 168 -30 - 

9 17.6 29.6 2.4 0.9 
Navajo YAG 39 5 3.1 5.2 23.0 9.6 
Tewa YAC 39 2 3.6 4.1 * 300 - 

TABLE 3.6 EXPONENT VALUES FOR 
PROBE DECAY MEASUREMENTS 

The tabulated numbers are values of n in the ex- 
pression: A = As (t/t,,)” , where A indicates the 
activity at a reference time, t , and Aa the activity 
at the time of observation. h. 

shot Exponent Values 
Project 2.63 Project 2.62a 

ami 0.90 1.13 
Flathead 0.90 1.05 
Navajo 1.39 1.39 
Tewa l 1.34 

l Instrument malfunctioned. 
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1‘ABLE Y.‘? X-MAY DI~YlLWTIUN ANALYSES AN11 SI’O‘CIPIC ACTIVITIES OF INUIVWUAL PAH’I‘ICLES, SHOT ZUNI 

Activity at Not Compounds Present 
H t 240 bra Weight 

Spcclfic Activity ECO 
, CaO Cn(OH)* 

Purtlcle DetUXlptlon 

wall counte/min mg (counta/min)/mg 

lli5 
1U 
IG? 
ltiti 
169 

170 

171 
17z 
173 
174 
175 
176 

177 
178 
179 
lU(r 
161 
I&! 

Sphora 
Sphere 
Irregular 
Sphere 
Irregular 
Irrcgula1 

Agglonwralr: 
Agglomerate 
Irregular 
Sphere 
Sphere 
Irrcgulill 

&glumcriit0 
Irregular 
Sphere 
lrregulur 
frreguliu 
Hlllck sphorc 

2 
2 

t 
2 
2 x 2.5 

2x6 

: 
2.5 X 5.0 
2.1 

t 
2x5 

t 
8X8 
1.5 
G x 10 
2.5 x4 
1.7 

17,500,000 
3Li,500,000 

2,410,000 
3(i,200,000 

101,140 
955,340 

(i,300,000 
16,700,000 

2,200 000 
24,500:000 

9,100,000 
443,620 

2,(ioo,ooo 
1,900,000 
G,ti00,000 
1 ,tIGO,OOO 

27,300,000 
70,cioo 

6.9 

17.3 
40.1 

8.7 
11.9 

t 

t 
t 

ll.i 
7.1 
2.5 

48.8 

t 
388.0 

5.1 
457.3 

25.8 
9.0 

2,540,OOO 
2,110,000 

60,200 
4,1li0,000 

8,500 

t 

t 
t 

193,000 
3,450,ooo 
3,G40,000 

9,070 

t 
4,900 

1,300,000 
4,070 

1,0(i0,000 

7,840 

X 
X 
X 
X 
xx 
X 

X 
xx 
X 

xx 

X 

X 
X 
X 

X X 
xx* xx 

x x 

X 

X X 
x x 

xx 
X X 
x x 

x x 
X 

xx xx 
X 

xx xx 

Creamy-white; surface protuberances. 
White, off-white; green-yellow; patohy. 
Rubbery; flbroue; ehupeleee. 
Pale yellow; white patches. 
Heeemblee actual coral; easily fractured. 
Columnar etructure. 

Broken; extremely friable. 
Broken; white and pale yellow-green; friable. 
Cavltiee and tunnel8 throughout. 
Off-wblte; slightly ellipsoidal. 
Clear cubic and yellowleh Irregular cryetals. 
Gray ~PBB wlth embedded ehells. 

Broken; white and pale green; very friable. 
Manmade, concretellke mnterlnl. 
Yellowish moealc eurface. 
Same an Particle 178. 
Yellowleh; finer-gralned CaO. 
Fe,O, + Fe,Os. H,O 

* l.x;~nln;l~~, was also mudo of nrteriur of partlcla; XX indicatus a compound dotocted both on uxlcrior surface and interior. 

1 No tlat~ availahlc. . 

TABLE 3.8 DlSTRlBUTlON OF PAHTICLE DENSITIES, 
SHOT ZUNI 

T&d numbar of purtlclos = 122. Total numbor of Irregular 
p.rrticlas = 7. Total numbor of yellow bpheruu = 71. Total 
numbor of white aphoree = 44. Mean density of all epheree 
= 2.46 gm/cms. Muun donsrty of yellow spherea = 2.53 
gIll/C*ll’. Mcu thne~ly of white aphores = 2.33 gm/cm’. 

Densi1y 
Porcsntuge of Percentage of Percentage of 
Total P’arliclti:s Yellow Sphere8 White Spheres 

gm/cm’ 

2.0 2.5 1.4 4.7 
2.1 (i .7 2.8 11.6 
2.2 7.5 2.8 16.3 
2. 3 22.5 14.0 35.0 
2 .-I 9.2 9.9 9.1 

2.5 10.7 8.5 13.9 

2.ti 15.0 22.6 4.7 
2.7 19.2 29.B 4.7 
2.8 5.8 8.5 2.3 



TABLE 3.9 IMDIOCHE~UCAL PROPERTIES OF ALTERED AND UNALTERED PARTICLES, 
SHOT ZUNI 

Altered ParticIer Unaltered Particles 
Time Number of Number of 

Sampler 
VPIUI) 

Samplee 
vallm 

=a& 

fissioM/gm (X 10”) - 6 3.8 l 3.1 a 0.090 f 0.12 

fiesigIs/gm (X 109 l - 14 4.2 f 2.7 24 0.033 l 0.036 
-- 

@ounts/min)/1d fissioM 

(countJJ/mill)/lO’ fissloM 

(counta/m.bl)/lo’ fieeione 
(countB/min)/lo’ fleeioue 

ma/lo’ ftasionn (X lo- 1’) 
ma/lti fk310M (X lo-“) 
ma/lo’ fisaione (X lo-“) 
mn/ld fieeelone (x lo- *‘) 

(countr/mIn)/ma (x 10t$ 
(counte/min)/ma (x 10”) 
(ccunta/mln)/ma (x 10”) 

- 
71 4 

105 3 

239 1 

632 2 

71 4 

10s 3 

239 1 

461 2 

71 5 

105 4 

238 10 

0.34 l 0.06 
0.35 f 0.06 

0.054 

0.013 

z_e_ -- 

053 f 0.19 
1.1 f 0.4 
0.12 

0.024 

30 l 5 4 59 f 24 
24 i 7 7 109 i 31 

3.4 1 20 
1.7 1 5.1 

11 l 1 4 a.3 + 2.0 
14 l 3 13 8.6 f 1.5 
16 f 2 6 6.2 l 1.3 

l Calculated from activity ratioe on the basis of paxticlee analyzed for ratal fieeiona. 

TABLE 3.10 ACTIVITY RATIOS FOR PARTICLES FROM SHOTS ZUNI AND TEWA 

Activity Ratio 
shd zuni Shot Tewa 

Altered Particles Unaltered Particles All Particle6 
Value Time ValUe Time ValUe Time 

TSD, br TSD, hr TSD, hr 

Wunts/min)/ma (x 10”) 14. l 3. 105 6.6 f 15 105 11. t 6. 96 

16. l 2. 239 6.2 f 1.3 239 

(counts/min)/lO’ fisalone 0.35 * 0.08 105 1.1 l 0.4 105 0.38 f 0.12 97 

0.054 239 0.12 239 0.16 * 0.02 
ma/lo’ fissiona (X lo-t’) 

172 

24. f 7. 105 109. t 31. 105 37. f 15. 97 

3.4 239 20. 239 

TABLE 3.11 DISTRIBUTION OF ACTIVITY OF YAG 40 TEWA 
PARTICLES WITH SIZE AND TYPE 

Percent of 
Size Group Compoeite 

Percent of Sire Group Activity 

TdPl Activity 
Irregular Spheroidal Agglomerated 

microns 

16 to 33 co.1 23.4 76.6 0.0 
’ 34 to 66 2.2 66.1 5.0 6.9 

67 to 99 6.0 46.4 37.5 16.0 

100 to 132 11.6 68.6 6.7 24.6 

133 to 165 16.2 43.4 5.7 50.9 

lG6 to 198 16.9 49.3 1.9 48.8 

199 to 231 8.1 58.0 0.0 41.9 

232 to 264 9.9 14.7 0.0 85.3 

265 to 297 7.0 14.6 0.1 85.3 

298 to 330 11.5 18.5 0.0 ai .4 

331 to 363 0.7 - - 100.0 

364 to 396 1.7 0.0 2.2 97.7 
397 t0 429 - - - - 

430 to 4G2 0.6 23.8 76.2 0.0 
4G3 to 495 - - - - 

496 to 528 3.4 100.0 0.0 0.0 
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TABLE 3.12 PHYSICAL, CHEMICAL, AND RADIOLGGICAL PROPERTIES OF SLURRY PARTICLES 

.UI indicated errors are standard deviations of the mean. < . 

TiLneof ’ Number of 
Arrival station Particles 

Average Average 
Average Density 

t Standard 
Average Diameter l Average Specific Activity 

Interval Measured 
NaCl Mass HI0 Mass 

Deviation 
f Standard Deviation l Standard Deviation 

l-9aJ.u 

Shot Flathead: 

lto3 YFNB 29 
7to9 YAG 39 smi. 

LST 611 
lltol2 YAG40 
15 to 18 YAG 40 

TOWS 

4 to 10 

50 to 52 
10 
3 to 4 

67 to 76 

Shot Navajo: 

lto3 YFNB 13 5 to 20 
3to5 YAG 39 9 to 14 
5b6 LST 611 14 
7to9 YAG40 4 to 10 
9 tb 10 YAG46 5 b 23 

10 to 11 YAG40 11 to 15 
Il to 12 YAfi 40 33 
I2 to 13 YAG 40 26 
I.3 to 14 YAC40 6 
14 to 15 YACI 40 5 
15 to 16 YAG40 13 to 14 

Totals 133 to 182 

Pg 

0.06 0.08 1.28 f 0.1 57 f 6 43ier 

0.42 0.62 
0.94 1.20 
0.50 0.69 

1.17 7.94 
7.62 4.49 

1.61 1.63 
1.25 1.09 
0.44 0.60 

0.66 0.50 
0.30 0.44 
0.31 0.31 
0.17 0.27 
0.10 0.18 
0.06 0.32 

Pg w.n/cm’ 

1.29 l 0.01 

1.35 t 0.05 
1.34 i 0.08 

1.30 f 0.01 

1.38 l 0.04 
150 l 0.01 
1.41 * 0.04 
1.45 f 0.04 
1.31 l 0.02 

1.43 f 0.03 
1.32 f 0.01 
1.37 * 0.01 
1.26 l 0.02 
1.30 l 0.03 
1.15 l 0.02 

1.35 f 0.01 

microns 

112 l 2 
129 f 16 
121 f 6 

272 2 14 
229 t 24 
166 f 6 
142 f 22 
110 l 5 

111 l 4 
94 l 4 
96 f 2 
66 i 7 
75 f 2 
34 * 4 

x 10” (counts/min)/gmt 

262 * 20 
2.95 t 160 
265 t 90 

282 f 30 5 

_) * 0.6 1 
16 f 3 
14 f 2 
9a3 

11 f 2 

16 f 4 
26 I 
217 
297 
23 7 
56 f 7 

21*34 

l Diameter of spherical slurry droplet at time d arrival. 
t Photon count in weiI counter at H + 12. 
l Not included in calcuktion of tchl. 
I Based on Summation of individual-particle specific activities. 
1 thlculated value based on total tray count, number of psrticles Per tray, and avex 

NPCl mass per particle; n& included in calculation of total. 

TABLE 3.13 COMPOUNLM IDENTIFIED IN SLURRY- 
PARTICLE INSOLUBLE SOLiDS 

a compounds were identified by X-ray diffraction except FetOa 
Jad NaCafSiG,), which were identified by electron diffraction; 
2Ca0- Fe20, WEU atso observed In one sample by electron diffrac- 
tion. The presence of Cu in the Navajo sample was established 
by X-ray diffraction. I indkates definite identifkation and PI 
possible identification. 

ComPound Shot Flathead Shot Navajo 

2C.s~. Fe,O, I 

csf=l I I 
Fe,o, I 
Feero, I I 

. Caso;.2H*O 
BaCl 
Wawo,) 
“4 

t 
I I 

PI 
PI 
PI 

TABLE 3.14 RADIOCHEMICAL PROPERTIES OF SLURRY 
PARTICLES, YAG 40, SHOT FLATHEAD 

Analysis of the combined particles led to the following data: 
Description, eesentiaily NaCI; WC, 0.672 x 10‘ cwnts/min; 
time of WC, 156 TSD, hre; GIG, 38 x 10-t’ ma; time of CIC, 
196 TSD. hrs; fissions, 6.83 x LO“; Ba”’ 
Sr$ Np=s product/fission ratio, 0.41; activity 
ratios at 196 TSD, hrs, 9.9 x 10” (counts/min)/ms. 0.13 
(counts/min)/104 fissions, yd 13.0 x LO-” ma/lo’ fissions. 

Field Number WC Time of WC 

x 10’ counts/min TSD, hro 

2660-l 0.0666 189 
2662-2 0.116 190 
2334-l 0.0730 190 
2677-l 0.0449 193 
2333-l 0.131 196 
2662-l 0.0607 169 
‘331-l 0.249 169 

2333-2 0.064 191 
2334-4 0.146 190 
2333-3 0.0467 190 
2332-l 0.0295 190 
2661-3 0.235 190 
2681-1 0.141 190 



TABLE 4.16 SURFACE DENSITY OF FALLOUT COMPONENTSlN TERMS OF 
ORIGINAL COMPOSITION 

Shot Collector 
Weight, mg/ft* 

Seawater Total 

Flathead YAG 40-B-19 FL 
LST 611-D-51 FL 
YFNB13-E-5G FL 
How F-67 FL 
YFNB 29-H-61FL 

Navajo YAG 40-B-19 NA 
YAG 39-C-36 NA 
LST 611-D-51 NA 
YFNB13-E-54 NA 
How F-67 NA 
YFNB 29-H-61NA 

0 

* Zuni YAG 40-B-17 ZU 
YAG 40-B-19 ZU 
YAG 39-C-23 ZU 
YAG 39-C-36 ZU 
YFNB 13-E-56 ZU 
YFNB13-E-56 ZU 
How F-63 ZU 
How F-67 ZU 
YFNB 29-H-79 ZU 
YFNB 29-H-61 ZU 

Tewa YAG 40-B-19 TE 
YAG 39-C-36TE 
LST 611-D-51TE 
YFNB13-E-56 TE 
How F-67 TE 
YFNB 29-H-61 TE 

14.0 + 1.0 195.2 * 16.2 
0.0 f 1.0 99.2 f 16.2 
1.6 * 1.0 6,155.0 f 31.3 
0.0 f 2.57 32.6 * 17:7 
5.4 * 1.0 564.2 f 31.3 

4.3 * 1.0 
3.2 t 1.0 
13.0 f 1.0 
51.6 f 1.0 
12.0 * 2.6 
24.0 * 1.0 

646.6 f 31.3 
1,415.4 f 31.3 
1,299.S f 31.3 
5J29.6 * 31.3 
661.3 t 35.4 
0.0 f 31.3 

1.610.1 f 1.0 
522.6 * 1.0 
17.6 f 1.0 
19.2 f 1.0 

1,574.E f 1.0 
797.9 t 1.0 
969.5 f 2.6 
592.3 * 2.6 

2,912.s f 1.0 
2,768.4 f 1.0 

110.6 f 16.2 
166.1 * 31.3 
66.6 f 16.2 
65.0 f 31.3 

1,121.6 f 16.2 
563.9 f 16.2 
86.7 * 0.3 
221.6 f 17.7 
561.0 f 16.2 

1.274.2 f 16.2 

661.7 * 1.0 
1.726.6 f 1.0 

62.9 f 1.0 
64.1 * 1.0 
15.0 f 2.4 

4,533.l f 1.0 

273.6 * 16.2 
517.5 f 16.2 
0.0 * 31.3 

199.0 f 16.2 
13.6 to.2 
0.0 f 31.3 

209.2 f 16.2 
99.2 i16.2 

6J56.7 f 31.3 
32.6 f 17.9 
569.5 f 31.3 

651.1 f 31.3 
1,418.6 k 31.3 
1,312.S f 31.3 
5J91.5 f 31.3 
573.3 f 35.4 
24.0 k 31.3 

1,927.0 * 16.2 
669.7 * 31.3 
106.4 f 16.2 
74.2 f 31.3 

2,696.4 f 16.2 
1,361.B f 16.2 
1,076.2 f 2.6 
614.2 f 17.9 

3,473.6 f 16.2 
4,062.6 f 16.2 

935.3 * 16.2 
2,244.4 * 16.2 

62.9 f 31.3 
253.2 f 16.2 
20.6 f 2.4 

4,533.l t 31.3 
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Figure 3.26 Gamma decay of altered and unaltered particles, Shot Zunt. 
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106 



IC? \ 
+ 

AVERAGE FALLOUT COMPOSITIOI 

(COMPUTED 1 

\ 

\ 

I 

FLATHEAD 
OOGriOUSE 1*x1* Nal CRYSTAL 

0 STANDARD CLOUD 

0 YFNB 13 E-55 

+ LST 611 D-53 

IO-' I 10 lo2 IO3 IO4 

AGE (HR) 

Figure 3.34 Photon-decay rate by doghouse counter, Shot Flathead. 
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Figure 3.35 Photon-decay rate by doghouse counter, Shot Navajo. 
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Figure 3.36 Photon-decay rate by doghouse counter, Shot Zuni. 
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TABLE 4.3 COMPARISON OF PREDICTED AND OBSERVED TIMES OF ARRIVAL AND MAXIMUM 

PARTICLE-SIZE VARIATION WITH TIME 

Shot * Station 
Time of Arrival 

Maximum Particle Size (microns) at 

p 
Predicted Observed t 

Tfme of Arrival Time of Peak Activity t Time of Ceesationt 
Predicted Observed $ Predicted Obeerved t Predicted Observed 3 

TSD, hr 

Flathead YFNB 13 6 0.35 

How I P 6 

YAG 39 3 4.5 

YAG 40 9 8.0 

LST 611 6 6.6 

- 
- 

200 

125 

120 

Nava]o YFNB 13 x0.5 0.20 

How 1 1.5 0.75 

YAG 39 2 2.3 

YAG 40 4 6.0 

LST 611 3 3.0 

ZlUlI YFNB 13 <l 0.33 

How I <1.5 0.38 

YAG 40 -6 3.4 

YAG 39 9 12 

LST 611 0 0 

> 1,000 

500 

500 

200 

300 

500 

> 500 

0 
100 

- 

Tewa YFNB 13 <0.5 0.25 2,000 

YFNB 29 <l 0.23 800 
How I 1 1.6 1,000 

YAG 39 2 2.0 500 

YAG 40 3.5 4.4 200 

LST 611 I 7.0 150 

- - - - - 
- - 

II 

70 

‘( 

> 1,000 

500 

180 

130 

180 

500 

> 500 

150 

1 
- 

350 

500 

250 

180 

100 

80 

- - - 
- 
- 
- 

1 

<70 

f 

- - 
120 - 

112 

- 
- 

- - - 
1 

- 100 

-75 

- 
- 

- 
- - 

84 
- 

96 

166 

695 

365 

300 

- 
- 

q400 
- 

325 
- 

- 

500 

z 500 

125 

q 

545 
- 

245 
- 

- 

- 
_. 

285 

1,100 

205 
- 

- 

285 

- 
1,000 

285 

395 

285 

205 

- 
255 
- 

l The following cloud dimenaione were used in the calculations: Shot Flathead Shot Navajo shot Zunl Shot Tewa 

Top, x 1,000 ft 65 85 80 so 

Base, x 1,000 ft 35 50 50 50 

Diameter, naut ml 6 40 40 60 
t Table 3.1. 

1 Section 3.2.4 and Toblea B.3 and B.5. 

0 No fallout, or no fallout at reference time. 

1 Fallout completed by reference time. 



TABLE 4.5 COMPARISON OF HOW ISLAND COLLECTIONS 

shot Standard Platform Burled Traye L AOCl Platform/Buried Traye 

weighted mean fieelone/ft’ weighted mean fiseions/ft! fieeione/ft* 

ZUli 2.07 f 0.41 x 10” 2.06 f 0.22 x 10” 1.67 x 10“ 0.995 f 0.249 
Flathead 6 14 

ire 

f 2 72 

0:1, 

x 10” * 

Otsl 

2.16 x 1010 - 

Navajo f x 10” 1.24 l 

0:35 
x 10” 2.67 x 10” 1.202 f 0.512 

Tewa 2.61 f 0.49 x 10” 2.30 f x 10” 1.53 x 10” 1.135 f 0.274 

* Mean of elx total collectors. 
t No aotivity resolvable from Zunl background. 

TABLE 4.0 SURFACE DENSITY OF ACTIVITY DEPOSITED ON THE OCEAN 

Shol Station 
Ocean, Probe Analyeie Decay Tank, YAG 39 

Method I Method II Method I Method III 

OCC, Ship Platform 

Welghted Mean 
Maximum 

Extrapolatioti l 

ZlUll 

Flathead 

Navajo 

Tewa 

YAG 39 
YAG 40 
YAG 39’ 
YAG 40 
YAG 39 
Horizon 
YAG 40 
YAG 39 
Horizon 
YAG 40 

fieeion8/ft’ 

9 x 10” t - 
1 x lO”$ - 

:.: x$” - - 
1.6 x 101’ - 

4.4r101J 5.96 f 1.02 - x 10” 8 

2 . 2 x 10’” t - 

- 3.00 f 0.77 x 10U 1 
1.1 x 10 16 t - 

fieelone/ft* fieeloM/ft* 

6.3 x 1n” - 2.74 f 1.70 x lo’* 5.02 x IOU 
- - 3.67 f 0.95 x 10” 

7.0 x 10U 6.96 f 2.69 x 10U 4.36 * 2.32 x lo’* 1 

5.2:10ia ’ 3.40 f 0; x 10” 1.54 1.55 f l 0.41 1.27 x x 10’) 10” 3.15 - x 10” 

- - 

3.6xlOt’ 2.75 f 0% x 10” 6.05 1.11 f f 0.76 1,26 x x 10” lot‘ ,- x 2.06 10” 
- - 

- - 4.70 f 9.20 x 10” 8.65XlOl4 

* For casea of eseentlally eingle-wind depoeition. 
t Not oorrected for matertal poeslbly lost by eettllng below etirred layer. 
$ Considerable motion of rhlp during fallout period. 
0 Average of profiles taken at Horizon rtatlona 4, 4A, 6, 7, and 6 from 16.6 to 34.3 hours (Table B.33). 
1 Average of profilee taken at Horizon etatione 2-5, SA, 6, and 12 from 21.3 to 91.2 hour8 (Table B.33). 

.- 



‘. T&L&“&l ’ d;iiiyA‘ PQeM~ By E6L FILM DOSIMETER AND INTEORATED TIR MEMUREMENTB 

Station 

shot zud Shot Flathead Shot Navajo Shot Tewa 

Fflm Dose TIR Dose 
Expoeure 

Film Doee TIR Doee 
Expoeure 

Film Doe8 TfR Doee 
Expouuru 

TiIXU Time Tim 
Pllm Doerr TIR Doee 

Expolluru 

Time 

r r to H+hr r to Hthr r r to Hthr r r to Hthr 

YAG 40-B 

YAG 39-c 

LST 611-D 

YFNF3 13-E 

YFNB 29-G 

YFNB 29-H 

How F 
How K 

George L 

Charlie M 

WLllkn M 

Raft 1 

Raft2 

Raft3 

2; Skiff AA 
W Skiff BB 

Skiff cc 

Skiff DD 

Skiff EE 

Skiff FF 
‘23 Skiff CC 

z Skiff HH 

(o Skiff KK 

Skiff LL 

5 SkIffMM 

0 SkiffPP 

30 19.8 20.2 2.5 

0.2 0.2 34.6 0.05 

< 0.05 0.0 62.0 1.7 

44 17.8 l 26.7 400 

20 23.6 6.9 7.5 

43 41.7 27.7 12 

19 6.7 11.1 0.22 

51 - 30.2 3.1 

260 - 32.7 230 

r 

1.7 

0.5 

1.3 

74.6 l 

3.7 

3.9 

0.0 
- 

- 

33.6 1.77 0.8 32.6 41.6 31.0 32.6 

26.1 10 4.6 50.3 68 67.0 51.3 

51.6 o.ei 0.3 26.6 3.62 3.4 31.7 

26.7 68.5 13.7 58.3 20.3 8.7 7.8 

5.7 1.64 0.2 6.5 310 158.0 * 51.1 

25.9 1.65 0.7 5.5 320 284.0 l 75.6 

6.3 1.82 t 6.7 4.5 0.8 8.3 

6.3 3.37 - 10.7 6.7 - 8.4 

31.7 150 - 32.5 t - t 

- 

110 

25 

40 

34 

17 

33 

20 

17 

2.3 

: 
10 

16 

6.8 

t 
1.6 

- 

2.4 

1.1 

1.2 

t 

t 
- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- - 

31.6 5.2 

30.8 1.5 

29.8 24 

28.6 19 

52.1 25 

56.9 59 

72.9 9.4 

74.6 t 

171.9 0.6 

3 1.1 

59.3 3 
60.8 20 

75.7 2.0 

t 1.0 

50.1 1 
- 16 

77.1 

155.3 

168.7 

t 

t 
- 

- 

- 

2.0 

3.6 

1.2 

0.45 
- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 107 

30.9 - 

29.4 1.32 

28.6 4.62 

27.8 16.1 

24.2 13.2 

28.3 t 
30.6 5.2 

t 2.56 

48.4 

55.1 

% 
32.7 

51.4 

53.4 

$ 
34.8 

1.45 

0.56 
- 

29.5 

6.3 

2.05 

t 
77 

60.8 11.7 

68.0 - 

56.4 1.09 

59.3 - 

- - 

- - 

- - 

- - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

32.7 t 
- - 

27.3 3.35 

26.1 45.5 

28.8 204 

59.9 45.5 

t 141 

53.2 42.5 

50.3 1.28 

48.8 9.87 

29.3 0.3 
- 295 

52.3 61 

33.0 0.62 

31.0 1.40 

t 410 

35.4 60 

33.8 
- 

27.8 
- 

- 

- 

- 

- 

0.6 
- 

0.3 

- 

154 

2.05 

1.41 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

t 
- 

31.7 

32.3 

33 

63.25 

37.9 

36.6 

33.4 

31.7 

26.5 

60.1 

39.8 

34.7 

29.8 

61.5 

58.3 

41.9 
- 

28.0 
- 

- 

56.7 

54.6 

52.6 

l Estlmqted value, TH? eaturated. t Instrument malfunctioned or lost. 8 Not Instrumented. 



TABLE 4.10 PERCENT OF FILM DGSDUETER READING 
RECORDED BY TIB 

station shot zunl shot Flathead shot Navajo Shot Tewa 

pet pet 
YAG40-B 66 66 
YAG39-C 100 -100 
LSTBll-D . 76 
YFNB 13-E 41t 1st 
YFNB29-G -100: 49 
YFNB29-Ii 97 32 
HowP 35: . 

pet pet 
45 75 
46 97 
37 94 
20 43 

12 51t 
42 69t 
t 16 

l Nofalloutcccurred. 
tTIRaturatad. 
t~l~tsrla?ntfoavpyl~fr~motbsrrh~. 
iI~trunmntmalfunctio~d. 

TABLE 4.11 COMPARISON OF THEORETICALDGGHOUSE ACTIVITY OFSTANDARD- 
CLOUD SAMPLESBY GAMMA SPECTROMETRY AND RADIOCHEMISTRY 

Time of ObservedDog- Computed Activity andErrorr 
SpectralRun hcu6eActtvity Spectrometer Error Radiochemkal Error 

H+hr CCUD~/mill CCLUItS/min m CCUtlWmin pet 
Shot Zuni Standard Cloud, 9.64~10~firmlonm 

53 142.500 95JOO -33.1 
117 70,000 47,450 -32.2 
242 26,700 20,640 -22.7 
454 9,500 7,516 -20.9 
790 3.760 3.790 +2.43 

1g95 1.550 1.973 +27.3 

Shot Flathead Standard Cloud, 2.79xlO"fimaionm 

163,541 +14.0 
74,961 +7.11 
29,107 +9.01 
10,745 +13.1 
4,546 +22.s 
1,964 +26.0 

96.5 171,000 142.090 -16.9 
195 72,000 51,490 -26.5 
262 45,000 29,650 -33.7 
334 30-0 22.760 -25.4 
435 1spJO 14.920 -22.7 
726 6200 6,776 -17.3 

1,031 4.m 3.341 -22.5 
lgs8 2.130 2.243 +5.3l 

Shot Navajo Standard Cloud, 3.46x10* fisrions 

154.006 -9.93 
66,960 -7.00 
43,022 -4.39 
29J26 -4.4B 
19,064 -1.11 
7,965 -2.62 
4.152 -6.63 
2.076 -2.53 

51.5 34,000 27,470 -19.2 
69 25,500 20,724 -10.7 
14l lVO0 9,432 -14.2 
191 7,000 7.411 +5.07 
315 3.050 2.634 -7.06 
645 960 956 -2.24 

Shot Tewa Standard Cloud, 4.71x10Ufinaion8 

31,350 -7.79 
22,630 -11.3 
9,757 -11.3 
6,290 -10.1 
2,927 -4.03 
1,036 +5.92 

71.5 442,000 244,930 -44.6 429,600 -2.61 
93.5 337,000 194,170 -42.4 325,OOb -3.56 
117 262.000 157.690 -39.7 255,600 -2.37 
165 169,000 134,910 -20.2 161,000 -4.73 
240' 97,000 74.760 -22.9 91,000 -6.19 
334 54,000 38,770 -26.2 52.260 -3.19 
429 34.500 25,200 -27.0 33.200 -3.77 
579 20.200 14,770 -26.9 19.640 -2.77 
766 12.400 10,660 -12.4 12,150 -2.02 

1,269 5200 5,660 +6.65 4,974 -4.35 
1,511 3.650 4.550 +16.2 3,759 -2.36 
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TABLE 4.12 COMPARISON OF ACTIVITIES PER UNIT AREA COLLECTED BY THE HIGH VOLUME FILTER AND OTHER 

SAMPLING INSTRUMENTS 

Dee&nation and Exposure Period, H+ hr 
Fleelone/ft2 (MO”) 

Shot 
HVF IC OCC and AOC, 

HVF (area = IC (area = 

ft’) 0.05584 ft’) 
OCC and AOC, 

0.06696 (area = 2.60 ft2) 

zuni YAG 40-B-9 3.4 to 4.8 10.14 x 1012 

YAG 40-B-10 5.3 23.48 

YAG 40-B-11 5.8 23.73 

YAG 40-B-12 6.3 21.79 

YAG 40-B-13 6.8 6.42 

YAG 40-B-14 7.3 6.93 

YAG 40-B-15 7.0 ’ 0.39 

YAG 40-B-8 16.4 3.97 1 

-HVF to 16.4 YAG 40-B-7 to 15.6 To 16.3 and 28.2 * 9.68 x 10” 6.06 x 10” 3.71 f 0.88 x 10” 

Flathead YAG 40-B-8 to 26.4 YAG 40-B-7 to 19.9 To 26.4 2.03 x 10” 3.87 x 1012 16.3 f 13.4 x 1012 

YAG 39-C-25 to 26.1 YAG 39-C-20 to 18.2 To 23.8 1.67 x 10’2 t 4.85 x 1012 4.37 f 2.37 x 10” 

Navajo YAG 40-B-8 to 19.1 YAG 40-B-7 to 16.6 To 8.7 and 19.7 l 3.72 x 10” 3.70 x 1012 6.08 f 1.26 x 10’ 

Y AG 39-C-25 to cessation YAG 39-C-20 to 16.1 To 16.9 and 24.1 l 6.50 x lo” 11.9 x 10” 14.6 f 3.5 x 1012 

l Short-expoeure trays a8 active 88 long. t DMT epilled on recovery. 



TABLE 4.13 NORMALIZED IONIZATION RATE (SC), CONTAMINATION INDEX, AND 

YIELD RATIO 

A number in pamntheeee indicates the number of zero.9 between the decimal point and first 

significant figure. 

shot AiF 
r/hr 

fireione/ft~ 

Hypothstical, 100 pet 
fierion, unfractionated 

fieeion producti, no 

induced activitbe 

zwli, lagoon-uan 

compoeitlon 

Zunl, cloud composition 

Flsthsad, average 
composiuoIl 

Navajo, averags 
compositim 

Tewa, lagoon-area 

compceitioo 

Tewa, cloud aud outer 

fallout compoeition 

1.12 hrr 

1.45 daye 

9.62 dayr 

30.9 days 

97.3 daye 

301 dayr 

1.12 hrr 

1.45 daye 

9.82 daye 

30.9 daye 

97.3 daye 

301 dayr 

1.12 bra 

1.45 daye 

9.02 daye 

30.9 daye 

97.3 dap 

301 daya 

1.12 hre 

1.45 daya 

9.62 daye 

30.9 daye 

97.3 days 

301 daym 

1.12 hre 

1.45 daye 

9.62 daya 

30.9 daye 

97.3 daye 

301 day8 

l.l.2 hre 

1.45 daye 

9.92 day8 

30.9 dayB 

97.3 days 

301 daye 

l.l22 

1.45 days 

9.62 days 

30.9 daya 

97.3 dayB 

301 daye 

(12)6254 

(14)6734 

(15)6748 

(15)1616 

(16)3713 

(17)5097 

(12)9356’ 

(14)4134 

(15)3197 

(16)9165 

(16)4097 

(17)7607 

(12)7093 

(13)1407 

(14)1766 

(15)4430 

(16)6755 

(16)1121 

(12)5591 

(14)6994 

(15)7924 

(15)1693 

(16)3632 

(17).5230 

(12)6664 

(14)9461 

(15)7616 

(15)2160 

(16)5933 

(16)1477 

(12)3321, 

(14)3564 

(15)3456 

(16)9156 

(16)2643 

(17)4206 

(12)6446 

(l4)6913 

(15)6670 

(15)1971 

(16)4619 

(17)SOOS 
I 

l Ratio of (r/br)/(Mt(tctal)/f$) at t for device tc (r/hr)/(Mt(total)/rt’) at t for hypc~t~k&‘&. 
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Figure 4.1 0 Approximate station locations and predicted fallout pattern, Shot Cherokee. 
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A.1 COLLECTOR IDENTIFICATION 

Collector designations are shown in Figure A.l. 

A.2 DETECTOR DATA 

A.2.1 End-Window Counter. 
Crystal dimensions and type: 1’/2-inch diameter 

x ‘h inch thick, NaI(Tl), Harshaw 
Photomultiplier tube type: 6292 DuMont 
Scaler types: Model 162 Nuclear Instrument Cor- 

poration, and Model 162 Nuclear-Chicago (in tan&m) 
Pb shield dimensions: &-inch outside diameter 

x 20 inches high x 1% inches thick; additional Z-inch 
thickness in Site EImer laboratory 

Counting chamber dimensions: 5%-inch diameter 
x 4 inches high 

AI absorber thickness: ih inch 
Shelf distances from bottom of absorber: 

Shelf Distance 
cm 

1 1.0 
2 2.6 
3 4.2 
4 5.6 
5 7.4 

Ratios to Shelf 5 (most commonly used) for cen- 
tered Ceiz’ point source: 

Shelf Ratio -- 

1 5.87 

2 3.02 
3 1.88 

4 1.31 , 

5 1.00 

Minimum count rate requiring coincidence loss 
correction: 1.F X 10’ counts/min 

Counting procedure: ordinarily 3- to l-minute 
intervals for each sample 

k2.2 Beta Counter. 
Gas proportions: 90 percent A, 10 percent CC+ 
Pb shield dimensions: &-inch outside diameter 

X 12 inches high X 1% inches thick; additional 2-inch 
thickness in Site Elmr laboratory 

Counting chamber dimensions: 5i&inch diameter 
x 4 inches high 

AI window thiches: 0.92 mg/cm* 

SheIf geometries from bottom of window: 

shelf Distee 
Physical Geometry 

-- Correction 
cm 

1 0.85 0.2628 

2 1.50 0.1559 
3 2.15 0.0958 

4 3.75 0.0363 
5 5.35 0.0177 

Minimum count rate requiring coincidence loss car- 
rection: 3.0 X 10’ counts/min 

k2.3 4-n Ionization Chamber (Analytical and St-. 
ards Branch). (Two newer chambers of modified de- 
sign were also used. The response of these to 100 pg 
of Ra= 700 x lo-’ ma at 600 psi; therefore, all read- 
ings were normaIized to the latter value. Use of pre- 
cision resistors (1 percent) eliminated scale correction 
factors. ) 

Gas type ad pressure: A -600 psi 
Shield dimensions : Pb N 19-inch outside diameter 

x 22 inches high x 4 inches thick; additional l-foot 
thickness of sandbags in Site Elmer laboratory 

Counting chamber dimensions: 11-inch diameter 
x 14 inches high 

Thimble dimensions: l’,+inch inside diameter x 
12 inches deep 

Useful range: _ 217 x lo- ‘f ma (background) to 
200 X 10-a ma 

Correction factors to equivalent 10’ scale: 

Scale Factor -- 
- ohms 

loit 0.936 
10’0 0.963 
10’ 1.000 
10’ 1.000 

Response versus sample (Ra) position: 

Distance from Relative 
Bottom of Tube Response 

in pet 

0 to 3 100 
3.5 to 5.5 99 to 92 . 

Response to 100 pg Ra: 5.56 x lo-’ ma at _ 600 psi 

Efficiency factors relative to Co60 for various nu- 
elides: 
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NucIide 

NaU 

Factor 

0.186 
0.282 
0.355 
0.623 
0.884 
1.000 
1.205 
1.312 

AZ.4 Well Counter. 
Nuclear-Chicago Model IX-3 
Crystal diIIlensions and type: la&rich diameter 

x 2 inches thick, NaI(T1) 
WeII dimensions: a/,-inch diameter x lvz inches 

bP 
PhotomuItipIier tube type: 6292 DuMont 
Scaler type: Model MIX-1 Berkeley, or Nuclear 

Iastrunmnt Corporation 162 with Nuclear-Chicago 182 
hitandem 

Pb shield thickness: 1% inches, with ?@ich diam- 
eter hole above crystal well; additional Z-inch thick- 
mss in YAG 40 laboratory 

Counting rate versus sample volume in test tube 
(15 x 125 mm): 

Sample RelatiVe 
v01unxl ColiIltRate 
ml pet 

0.01 100 
1.81 99.2 
3.9 (-well depth) 90.6 

Efficiency for several nuclides: 

Nuclide 

m 

Efficiency 
counts/die 

-- 

-$-ii 0.42 
co” 0.43 
I’= 0.51 

bfinimum count rate requiring coincidence loss 
correction: 1.0 x 10’ counts/min 

Counting procedure: minimum of 10’ counts to 
nUintain a statistical error of - 1.0 percent 

AZ.5 ZO-Channel Analyzer. 
Crystal dimensions and type: Z-inch diameter x 2 

inches thick, NaI(T1) 
Glow transfer tube types: CC-1OB and CC-1OD 
Fast register type: Sodeco 
Voltage gain (with delay Iine pulse shaping): 1,000 
Attenuation (with ladder attenuator): 63 decibels in 

l-decibel steps 
pb shield thickness: - 2 inches 
Counting chamber dimensions: 8-inch diameter 

’ 3% inches high 
Shelf distances from bottom of detector: 

Shelf Distances 
cm 

1 2.07 
2 4.76 
3 5.25 
4 6.84 

Tray distance from b&tom of detector when outside 
of +nch diameter collimator: 13.95 cm 

Calibration standards: Barn,, Ce”‘, Htios, Na’*, 
and Cs”’ 

Calibration procedure: 01~3 per day and one follow- 
ing each adjustment of amplifier or detector voltage 

Counting procedure: equal counting times for each 
series on a given sample 

AZ.6 Doghouse Counter (Reference 43) 
Crystal dimensions and type: l-inch diameter x 1 

inch thick, NaI(Tl), Harshaw aluminum absorber ‘A- 
inch thick 

Photomultiplier tube type: 6292 DuMont 
Scaler type: Model 162 Nuclear Instrument Cor- 

poration, arxl Model 182 Nuclear-Chicago (in tandem) 
Pb shield dimensions (detector): lo-inch diameter 

x 20 inches high x 1% inches thick 
Pb shield thiclclless (counting chamber): 2 inches 
Counting chamber dimensions: 20 x 24 x 34 inches 

high 
Size of hole in roof of counting chamber for detec- 

tor: ‘I-inch diameter 
Distance from bottom of sample tray to bottom of 

crystal: 36 inches 
Sample tray dimensions: 18 x 21 x 2 inches deep 
Counting efficiency for several point-source nu- 

c&&s, centered in bottom of tray with ‘&nch alu- 
minum cover in place: 

NucIi& counts/die x 10” 

Nap 1.70 
0.936 
0.151 
1.16 
1.02 
0.506 
0.548 
0.622 
0.711 
0.842 

Relative counter photon efficiency, computed for 
tdal aluminum thickness = ‘h inch (3.43 gm/cm2): 

g=W Efficiency 
M0V pet 

0.01 0 
0.02 0.0034 
0.03 3.24 
0.05 33.3 
0.07 48.7 
0.10 57.8 
0.15 63.7 

163 



0.20 61.5 
0.30 54.0 
0.50 43.3 
0.70 37.5 
1.00 33.4 
1.50 29.5 
2.00 27.1 
3.00 25.3 
4.00 24.4 

Minimum camt rate requiring coincidence lose 
correctim: 1.0 x 10‘ counts/min 

Counting procedure: ordinarily 3- to 1-mtnute 
intervals for eaoh sample; trays decontaminated and 
counted with ‘/(-inch aluminum cover in place 

k2.7 Dip Counter. 
Crystal dimensions and type: it/r-inch diameter 

x 1 inch thick, NaI(T1) 
Photomultiplier tube type: 6292 DuMont 
Scaler type: Same as doghouse counter 
Shield thicknese and counting chamber dimensions: 

Same as doghouse counter 
Sample voluxne: 2,000 ml (constant geometry) 
Counting efficiemy for several nuclides: (Private 

communication from J. O’Connor, ,NRDL) 

Nuclide counts/die x 1o-z 

1.20 
1.72 
1.26 
0.916 
0.670 
1.76 
1.56 
1.29 

Minimum count rate requiring coincidence loss 
correction: 2 x 10” counts/min 

Counting procedure: 2,000~ml samples at constant 
geon&ry; counting intervals selected to msintsin a 
statistical error c 1.0 percem 

k2.8 Single-Channel Analyzer (Nuclear Radfatfor, 
Branch) (Reference 57) - 

Crystal dimensions and type: 4-fnch diameter x 4 
inches thick, NaI(T1) 

Phdomultiplier tube type: 6364 DuMollt 
Pulse-height analyzer type: Male1 510-SC Atow 

IMtrumeuts 
Pb shield thiclaress: 2% Inches i 
Collimator dimensions: $inch diameter x 6 fncd 

long 2 
Sample container type and size: glass vial, l&u 

diameter X 2% inches long 
Distatre from bottom of sample to collimator 0~~ 

ing: 2inches 
Calibration standards: Nan, and H$” - 

k2.9 Gamma Time-Intensity Recorder. The en- 

ergy and directional response characteristics of the 
standard TIH detector, consisting of four ion cham- 
bers (A, Am, Bm, and Cm) with a protective dome, 
were determined at NHDL. (Measurements and cd- 
culations were carried out by G. Hitchcock, T. 
Shirasawa, aad R. Caputi.) 

A special jig permitted both horizontal and vertical 
rotation abad the center of the chamber under study. 
Directional response was measured and recorded colt_ 
tinuously for 360 degrees in planes at 3O-degree 
increments through tlx longitudinal axis of the Cm 
chamber. Helatlve response data was obtained by 
effectively ezposing the chamber to a constant ioniza- 
tion rate at six different energies-four X-ray ener- 
gies: 35 kev, 70 kev, 120 kev arkI 160 kev; and two 
source energies: Cs”’ (0.663 Mev) and Co’O (1.2 I&v). 

Ths results for three mutually perpendicular planar 
responses have been illustrsted graphically to show: 
(1) shadowing interference by other chambers in the 
horizontal plane (Figure A.2). (2) maximum shadowing 
interference by other chambers in the vertical plarre 
(Figure A3), and (3) minimum shadowing interference 
by other chambers in the vertical plsr~ (Figure A-4). 
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..--* 180 KEV - 35 KEV 

.-.-. 120 KEV ------ 1.2 MEV 

. . . . . . . . . . 70 KEV -- 0.662 M EV 

Figure A.2 shadowing interference in horizontal plane for TIR. 
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l *-.. 180 KEV - 35 KEV 

.-.-. 120 KEV ------ 1.2 MEV 

. . . . . . . . . . . 70 KEV -- 0.662 M EV 

Figure &3 Maximum shadowing interference in vertdcd plane for TEL 
# 
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..-.. 180 KEV - 35 KEV 

--w-e 120 KEV ------ 1.2 MEV 

. . . . . . . . . . . 70 KEV --0.662 M EV 

Figure A.4 Minimum shadowing interference in vertical plane for TIR. 
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TABLE B. 1 OBSERVED IONIZATION RATE, BY TIME-INTENSITY RECORDER 

I . 
Station and Shot Station and Shot Station and Shot Station and Shot 

YAG 40-B, No. 9 ZU 

H+hl mr/%r 

3. 37 2. 20 

3.57 16. 8 

3. 73 44.2 

4. 07 129 

4. 37 470 

5.07 1.480 

6. 07 3.340 
7. 07 1,660 

8.07 1,360 

9. 07 1,240 

11.1 966 

14.1 754 

18.1 580 

22. 1 470 

26.1 404 

30.1 340 

42. 1 233 

54. 1 181 

66. 1 129 

70. 1 105 

YAG 40, No. 13 (Deck) ZU 

H+hr r/hr 

3. 53 0.0165 

3. 63 0.0318 

3. 70 0.0386 

3. 77 0.0722 

3. 85 0.0847 

3. 97 0.128 

4. 05 0.165 

4.17 0.249 
4.32 0.480 

4.57 0.957 

4. 77 1.31 

4: 95 1. 92 

5. 08 2. 37 

5. 25 3.25 

5.40 4.06 

5. 57 4.50 

5. 73 5. 67 

5. 90 5. 76 

6. 07 6. 20 

6. 32 6. 75 

6. 57 7.57 

6. 82 7. 57 
7.07 7.29 

7. 32 7. 20 
7. 57 6. 94 
7. 82 6. 66 
8.07 6. 30 
0. 32 6. 20 
a. 57 6. 02 
8.82 5. 76 
9.07 5. 67 

YAG 40. No. 13 (Deck) ZU 

H+h; r/hr 

9. 3? 

9. 57 

9. 02 

10.1 

10. 6 

11.1 

11. 6 

12.1 

12. 6 

13.1 

13. 6 
14.1 

14. 6 

15.1 

15. 6 

16. 1 
16. 6 

17.1 

17. 6 

18.1 

19.1 

20.1 

21.1 
22.1 

24.1 
26.1 

28.1 
30. 1 

34.1 

38. 1 

42.1 

46. 1 

50.1 

54.1 

58.1 

62.1 

66. 1 

72.1 

78.1 

80.1 

5.49 

5. 31 

5.13 

5. 13 

4. 68 

4.41 

4.14 

3. 97 

3. 97 

3. 70 

3. 61 

3. 34 
3. 43 

3. 25 

3.07 

3. 07 

2. 98 
2. 90 

2. 81 
2. 72 

2. 62 

2. 45 

2. 36 
2. 28 

2.10 

1.92 

1. 75 

1.66 
1. 49 

1.31 

I. 17 

1.11 

0.940 

0.844 

0. 740 

0.679 

0.635 

0.583 

0.539 

0.495 

YAC 39-C. No. 9 ZU 

lI+iU mr/hr 

12.7 0.559 

13.1 0.706 

13.6 0.765 
14.1 0.926 
15.1 1.47 

16.1 2. 96 

17.1 4.29 
ie. 1 6.54 
19.1 0.36 
20.1 9. 42 

21.1 10.2 
22.1 10.2 

23.1 10. a 

.70 

YAG 39-C, No. 9 ZU 

H+hr mrhr 

24.1 

25.1 

27. 1 

29.1 

30.1 

32.1 

34.1 

36.1 

38. 1 

40.1 

42. 1 

46.1 

50.1 

54.1 

58. 1 
62.1 

66. 1 

70.1 

74.1 

70 1 

80. 5 

11.1 

11. 4 

11.8 

11.3 

11.3 

10.5 

10.2 

8. 96 

8.51 

a. 21 

7. 74 

6. 54 

6. 25 

5. 64 

5.19 
4.09 

4. 60 

4.29 

4.14 
4.00 

3. 85 

YFNB 13-E. ZU 

H+mln r/b 

20 0.0016 
21 0.007 
22 0.009 
23 0.016 
24 0.068 
27 0. 31 

2.3 0. 55 

29 0. 72 

55 2.89 

180 1.03 
195 1. 69 

210 1.5 
300 0. 96 
420 0. 66 
600 0.43 

1,015 0. 22 
1,495 0.16 

1,975 0.078 
3,415 0.041 

How F, ZU 

YAG 39, No. 13 (Deck) ZU n t - 
H + hr 

13.0 

14. 0 

15.0 
16. 0 

17.0 

18.0 

19.0 

20. 0 

21.0 

24.0 

25.0 

29. 0 

30.0 
31.0 

32.2 
42. 0 

48.0 

49.0 

50.0 

52.0 

66. 0 

68.0 
69. 0 

70.0 

72. 0 

mrh 

3. 24 

4.86 

6. 66 
13. 1 

17.2 

25.4 

31. a 
34.2 

34. 9 

37.4 

37. 6 

36. 3 

36. 2 

34.6 
33. 5 

26. 3 

21.0 

20. a 

19. 9 

19. 8 

is. a 
15.4 

14. 9 
14.6 

14. 2 

23 0.0055 
24 0.0086 
26 0.013 
27 0.051 

28 0.092 

28+ 0.37 
30 0.47 

32 . 0. 66 

33 0. 6.9 

34 0. 73 

41 0.87 
46 1. 09 
49 1. 61 
54 2.13 
59 2 57 
62 2.87 

64 2 a7 

68 2. 74 

70 2 57 
74 2 74 
80 2 61 
07 2.57 

97 2. 48 

106 2.48 

112 2. 39 
120 2.17 
130 2 00 
151 1. 70 

200 1.17 
400 0.54 
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TABLE B.l CONTINUED 

5tationand Shot Station and Shot Station and Shot Station and Shot 

YF'XB 23-G ZU 
E+min r/hr 

10 0.0005 

20 0.03 
26 0.26 
27 0.54 
28 0.83 
29 0.99 
31 1.32 
33 3.10 
35 4. 0 
36 4. 94 
43 9.21 
49 9. 64 
94 7.05 
124 5.64 
139 4. 7 
184 3.06 
274 2.12 
424 1.36 
484 0. 99 
544 0.80 
.574 0.78 
649 0.70 
799 n 0.55 

1.624 0. 31 
2,524 0.19 
3,424 0.15 

YAG 40-B. No.SPL 
H+hr mrh 

6.00 0.050 

8.00 0.550 
9.00 5.10 
10.0 17.4 
11.0 48.0 
12.0 71.1 
15.0 71.1 
16.0 81.5 
I?. 0 81.5 
16.0 81.5 
19.0 71.1 
20.0 71.1 
21.0 69.7 
22.0 59.4 
23.0 50.2 
25.0 53.0 
30.0 39.0 
35.0 36.2 
40.0 36.0 
45.0 27.6 
50.0 16.2 
55.0 14. 9 
50.0 13. 7 
63.0 12. 4 
70.0 11.1 
75.0 10.4 
79.0 9.20 

YAG40. No. 13 (Deck) FL 

H+hr mr/hr 

6.00 0 

8.00 1.93 
a.57 a.18 
9.00 17.4 
9.57 38.0 
10.0 61.9 
11.0 142 
12.0 225 
13.0 248 
14.0 237 
15.0 231 
16. 0 248 
17.0 259 
18.0 248 
19.0 237 
20.0 231 
21.0 225 
22.0 214 
23.0 197 
24.0 180 
30.0 145 
35.0 125 
40.0 109 
45.0 88.4 
50.0 56.8 
56.0 52.3 
58.0 46.6 
63.0 44.4 
70.0 39.9 
75.0 37.6 
79.0 22.1 

YAG 39-C. No. 9 FL 
Ii + hr mr/hr 

4.12 0.061 
4.37 0.417 
4.53 0. 646 
4. 78 1.01 
4.95 1.08 
5.10 3.30 
5.38 6.19 
5.66 8.23 
6.05 10.7 
6.27 12. 3 
6.52 15.4 
6.72 19.4 
7.02 21. 9 
7.28 21. 9 
7.50 23. 7 
7. 7s 26.1 
0.02 26.6 
8.26 29.9 
a. 57 29.9 

8.77 323 
9.19 32.9 
9.60 31. 7 

YAG39-C, No. 9 FL YAG39. No. 13 (Deck) FL 
H+hr mr/hr 

10.1 
10.5 
11.0 
11.6 
12.1 
12.6 
13.1 
13. 6 
14.1 
15.1 
16.0 
17. 0 
18.0 
19. 0 
20.0 
21.0 
22.0 
23.0 
24.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 
45.0 
50.0 
55.0 
60.0 
64.9 
70.1 
75.0 
80.0 

YAG 39. No.l3@eck) FL 

H+hr mr/hr 

32.3 
35.5 
33.4 
37.2 
36.0 
34.6 
33.4 
32.3 
31.0 
29.2 
27.3 
26.1 
24.9 
23. 7 
225 
21.3 
19.4 
19.4 
17. 7 
16. 3 
14. 6 
13.4 
12.4 
11. 6 
11.0 
10.4 
9.80 
8. 71 
6.55 
5. 77 
5.04 
4.68 
4. 33 
4.15 
3.50 

4. 62 3.34 
5.23 21.8 
5.57 42.9 
6. 57 46.6 
7.07 70.4 
7.57 87.8 
8.57 121 
9.00 121 
10.0 121 
11. 0 141 
12.0 131 
13.0 121 
16.0 102 
18.0 03.0 
22.0 69.0 
26.0 55.0 
30.0 46.5 
36.0 39.2 

Ii+hr mr/lw 

42.0 33. 7 
47.0 28.2 
48.0 21.0 
54.0 15.4 
66.0 10.8 
75.0 9.27 
76.0 6.30 
80.0 6. 04 

LBT 611-D. No.1 FL 

B+hr mr/hr 

6.57 0.14 
7.32 0.67 
7.57 22 
7. so 15.3 
8.40 32 
0.73 51 
0.90 76 
9.07 99 
9.23 0.9 
9.40 a3 
9.57 80 
10.1 76 
10.9 71 
12.1 65 
13.1 60 
14.1 55 
15.6 40 
17.6 44 
19.6 30 
21.6 35 
23.6 32 

YFNB 13-E FL 

H+min r/'hr 

21 0.0016. 
24 0.0054 
26 0.0048 
30 0.030 
32 0:56 
35 2.26 
37 6.02 
77 21.0 
137 11.5 
257 5.5 
377 2.5 
437 1.9 
491 1. 6 
557 1. 5 
617 1.2 
617 1.4 
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TABLE B.l CONTINUED 

Station and Shot Station and Shot Station and Shot Station and Shot - 

YFNB 29 H FL 

H+ min r/h 

35 0. 004 

36 0.0046 

36 0.011 

40 0.016 

42 0.042 

44 0.075 

45 0.10 

51 0. 27 

53 0. 38 

54 0. 49 

56 0.57 

56 0. 63 

77 0. 96 

91 0. 98 

100 0. 94 

175 0. 55 

250 0. 33 

470 0.14 

630 0.077 

650 0.055 

1,100 0.043 

1.500 0.024 

1,600 0.0198 

YAG 40-B. No. 9 NA 

H+hr mr/%r 

5.07 0.146 

6.02 0.120 

6.23 0.175 

6. 38 0.260 

6. 62 0.370 

6. 67 0.590 

6. 96 0.600 

7.09 1.44 
7.14 1.30 

7.16 1.66 

7.26 2 31 

7. 36 3.61 

7.52 3.56 

7.73 4.30 

7. 93 4.60 

8.10 5.55 
6.45 7.05 

8. 69 9.30 

8.90 13.1 

9.12 19.0 

9. 27 222 

9.42 24.1 

9.55 26.0 
9. 70 28.3 

9. 90 31. 0 

10.1 33.6 

10.3 34.8 

10.5 38.7 

10.8 425 

YAG 40-B. No. 9 NA 

H+ hr mr/hr 

11.0 45. 7 

11.3 49. 3 

11.6 51.2 

11.9 52. 7 

12.1 52. 7 

12.3 55. 3 

12.5 55.3 

12. 7 57.8 

12.9 55.3 

14.0 55.3 

15.0 55. 3 

16.0 55.3 
17.0 55.3 

17. 6 51.4 

18.0 50.2 .* 

19.0 48.8 

20.0 46. 3 

21.0 25. 9 

22. 0 21.0 

23.0 18.4 

24.0 17. 7 

25.0 16.6 

26.0 16.2 

27.0 14. 3 

28.0 13.9 

29. 0 13.1 

30.0 12.5 

32.0 11.8 

34.0 10.8 

36.0 10. 3 

38.0 9. 80 

40.0 9. 20 

42.0 9. 40 

44.0 9.10 

46.0 8.20 

48.0 7. 70 

51.0 7.40 

54.0 6. 05 

55.0 6. 55 

56.0 6.30 

58.0 6.18 

59.0 5.55 
69.0 5.49 

62.0 5.30 

65.0 4. 93 

69.0 4. 68 

75.0 4.18 

YAG 40, No. 13 peck) NA 

H+hr mr/hr 

4.83 0.200 

5.57 0.556 

6.12 0.808 

6. 65 1.80 

6. 97 3.15 

YAG 40. NO. 13 (Deck) NA 
H+hr mr/hr 

7.18 6. 64 

7.30 10.8 

7. 47 11.4 

7. 63 12.4 

7.80 13. 7 

7. 95 14.3 

8.10 13.1 

8.33 13.0 

8.48 13.5 

6.62 16.0 

8.75 18.6 

8.85 27.4 

9.02 38.2 

9.27 51.4 

9. 47 56.5 

9. 67 63.9 

9.98 74.5 

10. 3 80.2 

10.6 92.0 

11.0 103 

11.3 120 

11. 6 122 

12.0 125 

122 129 

123 126 

12.5 129 

12. 7 120 

13.0 116 

13.5 113 

14.0 113 

15. 0 105 

15. 9 103 

16. 9 101 

18.0 91.4 

18.9 87.0 

20.0 82.5 

20.2 70.1 

20.4 36.2 

21.0 27.4 

22.0 24.1 

23.0 21.3 

24.0 21. 9 

25.0 20.8 

26.0 19. 7 

27.0 17.0 

28.0 16.4 

29.0, 15.4 

30.0 14.9 

32.0 14.3 

34.0 13.4 

36.0 12.9 

38.0 12.0 

40.0 11.7 

42.0 11.1 

44.0 10.6 

46. 0 10.2 

48.0 9.58 

YAG 40. NO. 13 fDeck)N* 

H+ht 

50.2 9.15 
52.1 7.84 
54.0 '7.62 
56.0 4.79 
57.9 4.46 

60.1 4. 35 

64.0 4.08 

68.1 3.81 

72.0 3.48 

74.9 3.32 

YAG 39-C, No. 9 NA 
H + hr mrh 

1.97 0.181 
2.22 4.00 

2. 38 14.4 

2.47 21.4 

2.55 33.5 

2.65 48.2 

3.00 68.3 

3.30 88.2 

3.50 95. 7 

3. 70 144 

3.87 207 

4.18 372 

4.42 431 

4. 62 481 

4.85 485 

5.17 498 

5. 33 525 

5.48 507 

5.67 516 

5.85 516 

6.02 512. 

6. 37 481 

6.57 471 

6. 77 445 

7.18 422 

7.40 400 

7. 63 386 

8.10 361 

8.37 347 

8.62 329 

9.18 304 

9.48 289 

9. 78 267 

10.2 259 

10.5 246 

10.9 232 

11. 3 222 

11. 6 207 

12.1 203 

12. 6 193 

13. 0 184 

14.1 168 
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TABLE B.l CONTINUED 

sptioa and Shot StationandShot Station andShot Station and Shot 

WG 39-C. No. 9 NA YAG 39. NO. 13 ('Deck)NA 
B+lU 

15.2 
160 
17. 0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
2&O 
27.6 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 
42.0 
44.0 
4& 0. 
48.0 
50.0 
55.0 
59. 0 
60.0 
64.0 
70.1 
73.9 

mr/hr 

149 
80.0 
60.7 
58.1 
56. 9 
53.1 
45-a 
36. 1 
34. 7 
32.4 
29.9 
25.0 
22.6 
22.0 
21.4 
19.6 
18. 4 
17.8 
17. 2 
16.0 
15.3 
14. 6 
13. 9 
13.2 
11. 7 
10.6 
11. 7 
10.1 
9.15 
8.43 

YAG 39. No.13 (Deck) NA 
B+iU mrhr 

1.82 0. 70 
2 30 11.0 
2.37 - 18.7 
243 36.1 
2.50 73.3 
2 68 110 
2.70 101 
3.00 143 
3.12 177 
3.40 221 
3.65 310 
3.90 558 
4.12 900 
4. 32 1,240 
4. 57 1,070 
4.82 900 
5.00 900 
5.32 1.010 
5.57 1.130 
5.82 1.130 
6.00 1.490 
6.32 1.240 

li+hr mr/hr 

6.57 1.130 
6.82 900 
1.00 773 
7. 32 728 
7.57 671 
7.82 624 
0.32 603 
8.82 557 
9. 32 502 
9.82 460 
10.3 434 
10.0 412 
11. 6 378 
12.0 344 
12. 6 332 
13.0 305 
13.6 280 
14.1 277 
14. 6 266 
15.0 243 
15.6 221 
15.7 132 
16. 0 110 
16. 6 108 
11.0 106 
18.0 98.7 
19.0 92.1 
20.0 80.9 
21.0 76. 7 
22.0 69.1 
23.0 65.8 
24.0 63.8. 
25.0 61.3 
26.0 59.1 
27.0 53.6 
28.0 51.4 
30.0 40.1 
32.0 44.0 
34.0 42.8 
36.0 41.0 
38.0 39.3 
40.0 31.5 
42.0 35.8 
44.0 345 
47.0 31.8 
50.0 29.1 
53.0 25. 4 
56.0 23.6 
59.0 23.6 
64.0 21.8 
66.0 20.8 
74.0 18.1 

LST611-D, No. 1 NA How F NA 
H + hr r/hr H+min r/b 

2. 2 0.00045 
2.4 0.00045 
2. 7 0.00051 
2. 9 0.00087 
3.1 0.0015 
3. 2 0.0029 
3.4 0.0044 
3.7 0.0085 
3. a 0.013 
4.0 0.015 
4.1 0.017 
4.4 x010 
4. 6 0.008 
4. 7 0.011 
4.80 0.0109 
4.9 0.012 
4. 97 0.012 
5.07 0.016 
5. 6 0.042 
6. 1 0.043 
7.1 0.034 
10.1 0.020 
14.1 0.012 
16.1 0.0081 
18.1 0.0067 
24.1 0.0044 
27.0 0.0039 

YFNB 13-ENA 
Ii+mill r/Ix 

10 0.0047 
18 0.037 
27 0. 60 
29 4.04 
38 0.5 
46 7. 0 
58 4. 6 
72 3.4 
91 2. 75 
118 2. 3 
121 2.1 
136 1. 0 
219 1. 0 
301 0.67 
406 0.41 
631 0. 20 

1.006 0.08 
1,066 0.059 
1.306 0.042 
1.546 0.036 
1.666 0.033 
1,786 0.031 
1,906 0.046 
2,026 0.056 
2.146 0.056 
2,266 0.041 
2,626 0.032 
3.106 0.02 
3,466 0.015 

6 0.0010 
33 0.0011 
45 0.0019 
40 0.0056 
53 0.048 
54 0.069 
55 0.063 
59 0.11 
66 0.145 
76 0.137 
93 0.13 
100 0.135 
110 0.14 
120 0.148 
125 0.146 
134 0.148 
140 0.150 

MaMuLlction 

YFNB 29-H. NA 
H+min rhr 

11 0.0011 
40 0.0012 
45 0.0026 
47 0.0091 
50 0.033 
51 0.062 
52 0.075 
53 0.079 
54 0.063 
60 0.084 
72 0.10 
80 0.116 
104 0.108 
180 0.081 
205 0.080 
255 0.066 
330 0.047 
400 0.035 
420 0.030 
460 0.026 
610 0.018 
780 0.013 
920 0.011 

1.000 0.0078 
1.005 0.0054 
1.150 0.0050 
1,250 0.0040 
1,300 0.0034 
1.600 0.0028 
1.900 0.0023 
2,400 0.0020 
2.700 0.0014 
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TABLE B.l CONTINUED 

Statron and Shot Station and Shot Station and Shot Station and Shot 

YAG 40-B. No. 9 TE 
H+hr r/hr 

4. 35 0.0017 

4. 60 0.0057 

4. 73 0.0134 

4. 95 0.127 

5. 20 0.598 

5.43 1. 06 

5. 56 1. 33 

5. 06 1. 76 

6. 10 1. 86 

6. 38 1.90 

6. 62 1. 98 

6. 85 2. 13 

7. 10 2. 23 

1. 28 2. 24 

7. 70 2. 21 

8. 23 2. 03 

8. 75 1.94 

9. 25 2.09 

9. 15 1.89 

10.3 1.65 

10. a 1. 19 

11. 2 1.60 

11. 7 1. 58 

12. 2 1.60 

12. 8 1. 57 

13. 2 1.40 

13. 6 1.40 

14.2 1. 35 

14. 7 1. 32 

15.2 1.25 

15.8 1. 21 

16. 2 1.15 

16. 7 1.13 

17. 2 1.09 

1’7. 8 1.05 

18. 2 1.01 

19. 2 0.992 

20. 2 0.927 

21.2 0.661 

22. 2 0.632 

23.2 0.184 

24. 2 0.770 

25. 2 0.702 

26. 2 0.670 

27. 3 0.606 

28. 2 0.596 

29. 3 0.576 

30.2 0.566 

31.2 0.554 

32. 2 0.527 
33.4 0.439 

34.1 0.432 

35. 3 0.415 

36.1 0.403 

36. 4 0.339 
40. 4 0.307 

42. 2 0.299 

YAG 40-B. No. 9 TE YAG 40. No. 13 (Deck) TE 
-’ 

.~ 
H+hr r/hr H+hr r/hr 

44.2 0.262 

46. 2 0.207 

40.2 0.193 

50. 2 0.191 

52. 2 0.179 

54. 2 0.173 

56. 2 0.167 

58. 2 0.159 

60. 2 0.152 

62. 2 0.139 

64. 2 0.133 

66. 2 0.129 

68.2 0.127 

70.2 0.126 

72.2 0.118 

75. 2 0.113 

YAG 40, No. 13 (Deck) TE 

H + hr r/hr 

4.48 0.0040 

4. 62 0.0097 

4. 75 0.0252 

4. 90 0.111 

4.97 0.233 

5.07 0.793 

5.15 1. 20 

5. 32 2.41 

5. 40 3.52 

5. 73 5. 08 

6. 00 6. 31 

6. 23 6. 16 

6. ‘I3 7. 22 

I. 00 7. 22 

7. 23 7. 43 

7. 73 6. 65 

8. 00 6.19 

0. 23 5.97 

a. 57 5. 97 

9. 00 6. 54 

9. 23 6. 65 

10.0 6. 65 

11.0 6. 65 

11.6 6. 65 

12.0 6.54 

13.0 5. 64 

14.0 5. 42 

15.0 4. 29 

16. 0 3. 97 

17.0 3.84 

16.0 3 52 

19.0 3. 29 

20.0 3. 16 

21.0 3.08 

22. 0 2. 96 

23. 0 2. 86 

24. 0 2. 74 

25. 0 2. 64 

26. 0 2. 52 
26. 6 2. 06 

27. 0 1. 41 

26.0 1. 42 

29. 0 1.42 

30. 0 1.36 

31. 0 1.35 

32. 0 1. 30 

33. 0 1.25 

34.0 1.22 

35. 0 1.19 

36. 0 1.14 

31. 0 1.06 

36.0 0.730 

39. 0 0.660 

40. 0 0.586 

41.0 0.572 

42. 0 0.566 

43. 0 0.512 

44.0 0.478 

45. 0 0.470 

46. 0 0.260 

48.0 0.243 

50. 0 0.215 

52. 0 0.203 

54.0 0.172 

55. 0 0.161 

57.0 0.172 

59. 0 0.154 

61. 0 0.154 

63. 0 0.152 

65. 0 0.140 

68. 0 0.132 

72.0 0.123 

15. 0 0.115 

YAG 39-C. No. 9 TE 

H+hr . r/h 

2.00 

2.20 

2.23 

2. 28 

2 30 

2. 33 

2. 35 

2. 37 

2. 70 

2. 85 

2.97 

3. 05 

3. 13 

3. 20 

3.27 

0.0017 

0.0175 

0.0308 

0.0467 ~ 
0.0591 
0.0714 

0.0637 

0.109 

0.514 

0. 726 

0.906 
1. 06 

1. 29 

1.41 

1. 60 

YAG 39-C. No. 9 TE 

r/hr H+hr 

3. 32 1.70 

3. 37 1. 08 

3. 42 2.05 
3. 45 2. 05 
3. 50 2. 33 

3.53 2. 51 

3. 57 2. 51 

3. 62 2. 69 

3. 63 2. 69 

3. 67 3.05 

3. 70 3. 14 

3. 73 3.14 

3.85 3. 59 

3.93 4. 96 

3. 95 5.43 

4. 00 5. 89 

4.03 6. 34 

4.10‘ 6. 72 

4.13 7. 28 

4.15 7.55 

4.20 1. 55 

4.22 8. 20 

4.25 8. 67 

4. 28 8. 20 

4. 30 8. 67 

4. 31 9. 15 

4. 32 6. 67 

4. 35 9.15 

4.42 10. 1 

4.47 11.0 

4. 52 11.0 

4.58 11.5 

4. 62 11.0 

4. 73 9.15 

5.07 a. 20 

5.15 8. 20 

5.23 7. 55 

6. 15 5. 43 

7.15 4. 52 

8.15 4. 06 

9.15 3. 59 

10.2 2. 96 

11.2 2. 70 

12.2 2. 33 

13.2 2. 15 

14.2 1. 66 

15.2 1. 70 

16. 2 1.52 

17.2 1. 30 

18.1 1.13 

19. 2 1. 07 

20.2 0.995 

21.1 0.942 

22.1 0.886 

24. 2 0. 763 

26.2 0.594 

28. 2 0.505 
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TABLE B.L CONTINUED 

Statlon and Shot StationandShot Station and Shot Statlon and Shot 

YAG 39-C. No. 9TE 
H+hr r/b 

30.1 0.465 
32.2 0.461 
34.2 0.412 
36. 2 0.361 
38.3 0.376 
40.1 0.310 
42. 2 0.292 
44.0 0. 290 
48.0 0.243 
50.1 0.238 
53. 2 0.215 
56.2 0.192 
60.1 0.171 
63.9 0.158 
66.2 0.151 
70.5 0.139 
72.4 0.138 
74.4 0.131 
76.4 0.123 
78. 6 0.113 
79.4 0.113 

YAG 39, No. 13 (Deck) TE 
fi+tU r/hr 

1.30 0.0002 
2.10 0.0082 
2.23 0.0479 
232 0.138 
2. 36 0.172 
2. 38 0.263 
2. 57 0.691 
2 73 1.55 
3.00 2.81 
3.23 4. 41 
3.32 5.31 
3.57 8.02 
4. 00 13. 6 
4.07 14.5 
4.32 18.4 
4. 57 19.3 
5.00 20.2 
5. 57 18. 7 
6.00 16.9 
6.57 15.5 
1.00 14.5 
7.57 13.4 
8.57 12.1 
9. 00 11.1 
9. 57 10.8 
10. 0 9.83' 
10. 6 8. 96 
11. 0 8.96 
120 8.49 
13.0 7.12 
14.0 6. 19 
15.0 5.84 
16.0 5. 04 
17.0 5. 13 
18.0 4.05 

YAG 39. No. 13 (Deck)TE LST 611-D. No. 1 TE 
H+hr r/Iv H+hr r/hr 

20.0 3.88 
21.0 3. 61 
22.0 3.52 
23.0 3.52 
24.0 3.07 
25.0 2. 98 
26.0 2.90 
27.0 2. 36 
28.0 2.28 
29.1 219 
30.1 2. 10 
31.0 2.10 
32.1 1.92 
33.1 1.84 
34.0 1.75 
35.0 1.49 
36. 0 1. 44 
37.1 1.36 
38.1 1.37 
39. 0 1.09 
40.0 1.04 
41.0 1. 00 
42.0 0.972 
42.9 0.956 
45.0 0.894 
47.2 0.886 
49.0 0.825 
51.0 0.799 
53.0 0.772 
56.0 0.711 
57.0 0.659 
59.0 0. 642 
61.0 0.616 
63.1 0.564 
lx.9 0.555 
66.0 0.529 
67.0 0.516 
69.0 0.499 
71.0 0.485 
73.0 0.459 
75.0 0.451 
77.0 0.424 
19. 0 0.376 
80.2 0.374 

LST 811-D. No.1 TE 
H + hr r/hr 

I. 18 0.002 
7.23 0.0033 
7. 73 0.024 
8.23 0.019 
8.65 0.027 
8.95 0.048 
9. 28 0.082 
9.51 0.10 
9. 78 0.12 
10. 0 0.12 
10.28 0.13 

10.48 0. 17 

How FTE 
H+min r/hr 

10.73 0. 24 
10.98 0.18 
11.23 0.182 
11.73 0.181 
12.23 0.198 
12.35 0.205 
12.98 0.224 
13.56 0.256 
14.23 0.247 
14.85 0.236 
15.48 0.215 
21.11 0.146 
24.23 0.112 
31.73 0.085 
34.48 0.066 
38.48 0.054 
40.48 0.051 

YFNB 13-ETE 
H+min r/hr 

101 
107 
109 
112 
113 
115 
116 
117 
118 
119 
128 
142 
149 
152 
173 
195 
221 
251 
341 

18 
26 
30 
32 
35 
36 
37 
40 
43 
46 
50 
61 
71 
81 
91 
101 
111 
114 
116 
118 
123 
177 
204 
309 
429 
909 

1,269 
1.500 
2,109 
3.069 
3,309 
3,549 
3.189 
4,029 
4.509 

401 
0.0056 599 
0.013 149 
0.021 899 
0.022 1.289 
0.020 1.589 
0.025 1.689 
0.019 
0.018 
0.020 
0.022 
0.030 
0.090 
0. 20 
0.52 
1.11 
1.81 
2. 13 
2. 34 
2. 5 
2. 34 
2.21 
2.25 
1. 9 
1. 0 
0. 7 
0. 30 
0.15 
0.12 
0.078 
0.042 
0.016 
0.009 
0.0085 
0.0081 
0.0072 

0.0069 

0.016 

0.024 
0.032 
0.036 
0.041 
0.044 
0.051 
0.060 
0.064 
0.101 
0.15 
0.19 
0.20 
0.22 
0.21 
0.19 
0.173 
0.11 
0.092 
0.061 
0.051 
0.042 
0.029 
0.024 
0.021 

YFNB 29-HTE 
H+min r/hr 

1 0.00056 

3 0.00046 
14 0.0016 
16 0.015 
20 0.047 
22 0. 30 
24 0.60 
25 0.80 
26 0. 90 
20 2. 0 
34 3. 8 
38 I. 4 
44 10. 0 
49 13.2 
490 9. 9 
670 7.1 
730 6. 9 
850 6. 3 
920 5. 9 
970 5.3 

1.300 3.5 
2.000 1. 9 
3,000 1.14 
3.200 0.72 
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TABLE B. 8 WEIGHT, ACTIVITY. AND RSSION VALUES FOR SIZED FRACTIONS FROM WHIM SAMPLE YFNB 29 ZU 

Size 

bge 

microna 

Weight 

Grams 
Percent of 

Total 
Value 

at II+282 hr 

lo-‘ ma 

CIC Assay l Fieelonr 
Percent of 

Tothl 
Specific Actlvlty Total Per Gram 

lo-‘ ma/gm 10” 10” 

1,000 31.70 41.8 1.08 
- 500 to 1,000 41.91 40.4 3. 14 

250 to 500 4. 97 5. s 1. 35 
100 to 250 3.61 3. 9 0.734 
so to 100 0.80 0.9 0.155 

50 1. 38 1.5 0.371 

Total 90.27 6. 83 

l Reeponse to 100 pg of Ra = 588 X lo-’ ma 

15.8 0.0288 ?I. 0.56 
46. 0 0.0749 60. 1.4 
19. 8 0.272 26. 5. 2 
10. 1 0.209 14. 4.0 
2. 3 0.194 3. 0 3.8 
6.4 0.269 7.1 5.1 

0.0757 131. 1.5 



’ TABLE B. 11 TOTAL’ ACTIVITY AND MASS OF SLURRY FALLOUT 

Collecting 
Station 

Shot Flathead Shot Navajo 
Total Total Mass Total Number Total Total Mass Total Number 

Actlvltv * NaCl Droolets ActlvlN’ NaCl Droolets 
(Counts/mln)/ft’~ 10’ Ccg/ft’ number/ft* (counte/min)/ft’X 10’ /Ig/ft’ number/ft’ 

YFNB 13-E-57 t - - 

YFNB 29-H-78 45.9 10,700 178,000 
YAG 39-C-20 8.4 300 714 
YAG 39-C-24 1. 6 57 135 
LST 611-D-37 19.0 890 1.640 
LST 611-D-50 2. 6 92 219 
YAQ 40-A-1 13.1 460 489 
YAG 40-A-2 11.5 410 436 
YAG 40-B-7 6.5 230 460 

l Photon count In well counter at H+ 12 hours. 
t Values unavailable due to instrument malfunction or incomplete sampling run. 

51.0 125,000 16,000 
3. 6 9,000 1,150 

21. 2 13,200 1,740 
t . - - 

’ t - - 
t - - 

9. 2 4,400 15,000 
t - - 
t - - 

- 
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ZlZ(PI) 

IPI 

ZSWI) 

PGGtEI) 

OlI(ZI) 

9PZ(ZI) 

SIE(ZI) 

PlE(ZI) 

OZb(ZI) 

SSb(ZI) 

OBP(ZI) 

eGP(ZI) 

IIS(ZI~ 

OZS(Z1) 

SZS(ZI) 

ICS(ZI) 

ECS(ZI) 

SES(Zl) 

LCS(ZI1 

EES(ZI) 

8ZStZI) 

GCStZI) 

GCSfZI) 

GES(ZI) 

. 

IZZ(SI) 

BlP(EI) 

BSI(II) 

991(01) 

czetor) 

tbZ(6) 

PZS(G) 

bZZ ‘1 

Z66'b 

ZCP'E 

SEE'Z 

b6S'I 

Leo'1 

9 ‘IPL 

P ’90s 

9 'SPE 

L'SEZ, 

9'091 

L '601 

6 ‘PL 

I 'IS 

9'PC 

e 'CZ 

z '91 

1 'II 

9s ‘L 

91 ‘S 

2s ‘6 

0) ‘Z 
b9 ‘I 
ZI ‘I 

E9L ‘0 

IOC 

eoz 

EPI 

C '16 

b '99 

E 'Sb 

6'OC 

I 'IZ 

b'V1 

Z9 '6 

01 '9 

1s 'V 

ZI 'E 

CI 'Z 

eAeP W'I 

e 'EZ 

z '91 

1'11 

9s ‘L 

91 ‘S 

zs ‘E 

0) ‘2 

b9 '1 

sJnot( ZI'I 

sa*n"lu 8 32 

Psl ‘Z 98'ZI &Z'S PZl POLi PZ'SP 9ES'Z PPOC PZ ‘LZ WI "II -~ --- 
&a3 ,,v "03 "03 11O3 lgaJ cs"~Y ,I"M IV'3 -pi-r W 

'?.ttilJ lUWOl~lU8lS ICJJlJ al(l pull I”@ 1~~ 

-139p 8ql Uaalalilq EOJaq,lO JaqUlllU aql El)E3~pUl eaeaq~"aJsd IIf J~qlUllll aljl pUC -“,,/-I “1 a.18 Da”,e,j *lOqtUh Jp((3nu aql MOlaq K113aJlp “aAl ml a]![ j[Eq 13npOJd 

(36) ALINfl IOOILVX NOISSIJ/L3MIOlld '&J/SNOISSIJ ,OI UOJ S.LL3r-laOUd Cl33llaNlJO SH.LVkI NOILVZINOI-HIV 61X 3'lBV.L 



TABLE B. 19 CONTINUED 

Age 
br 

Sb”’ Tfl“’ Td’* Autn u”t pa ’ N 240 

6Od 8. ltib 114d 
Pb”’ 

2.7d 52h 6. 75d 23.5m 7.3m 

45.8 mlnuter 0.763 (1O)lSS (10)703 

1.12 hourr 1.12 go)133 (lo)684 

1. 64 1.64 (lo)133 (lo)652 

2.40 2.40 (1O)lSS (lo)614 

3. 52 3.52 (1O)lSS (10)557 

(11)513 (10)711 

(11)513 (10)709 

(11)513 (10)704 

(11)513 (lo)699 

(11)513 (lo)689 

5. 16 5.16 (19)132 (10)484 

7. 56 7. 56 (lo)132 (10)394 

11.1 11.1 (lo)132 (10)292 

16.2 16. 2 (lo)132 (IO)190 

23.6 23. 8 (1O)lSl (11)992 

(11)513 (lo)677 (10)474 (lo)123 

(11)613 (10)660 (10)459 (10)122 

(11)512 (lo)636 (10)437 (10)120 

(11)511 (lo)603 (lo)408 (10)118 

(11)510 (IO)554 (10)370 (1O)llS 

1.45 daye 
W 
lb 2.13 

3. 12 

4.57 

6. 30 

34.6 (1O)lSl (11)388 (11)509 (10)494 

51.1 (1O)lSO (12)973 (11)507 (10)415 

74.9 (lo)126 (12)129 (11)504 (lo)321 

109.7 (lo)126 (14)668 (11)499 (10)221 

160.6 (lo)123 (16)872 (11)493 (10)128 

9. 62 235.7 (10)119 
14.4 345.6 (10)112 
21.1 506.4 (10)104 
30. 9 741.6 (11)929 
45. 3 1,067 (11)766 

(18)149 (11)484 (11)576 (11)219 (11)456 (11)191 

(11)470 (11)178 (12)507 (11)287 (12)491 

(11)452 (12)318 (13)594 (11)143 (13)670 
(11)426 (13)25I3 (14)259 (12)529 (14)364 

(11)390 (15)643 (16)256 (12)121 (16)509 

66.4 1,594 (11)616 (l1)343 
97. 3 2,335 (11)431 (11)284 

143 3,432 (11)254 (11)215 
208 4,992 (11)120 (11)145 
301 7.224 (12)410 (12)625 

(17)277 

(21)995 

(10)501 (lo)126 (9)507 

(10)500 (lo)125 (9)270 

(lo)496 (lo)125 (9)107 
(10)490 (lo)125 (lo)260 

(10)484 (lo)124 (11)386 

(12)212 

(14)SOl 

(17)577 

(10)319 (lo)108 

(lo)256 (1O)lOl 

(lo)186 (11)914 

(10)118 (11)789 

(11)595 (11)634 

(19)304 (13)137 

(15)578 
(17)520 

(20)742 

(lo)258 (9)290 

(10)300 (9)287 

(lo)326 (9)2l31 

(lo)338 (9)270 

(10)337 (9)256 

(IO)332 (9)236 

(lo)321 (9)210 _ 
(10)306 (9)176 

(lo)289 (9)137 

(lo)263 (10)944 

(lo)230 (10)550 

(lo)186 (lo)248 

(10)140 (11)767 

(11)909 (11)lSS 

(11)482 (12)llS 

(14)290 

(16)126 

(19)954 



TABLE 8.21 GAMMA-RAY PROPERTIES OF CLOUD AND FALLOUT SAMPLES BASED ON GAMMA-RAY 

SPECTROMETRY (NRB) 

Cloud samples are particulate collections in small pieces of filter paper. zUI fallout samples are aliquots of OCC 

sample solutions except those indicated as solid, which are sliquoted undissolved, by wetght. 

Sample 

Designation 
Age 

hr 

Number of 

Fissrons 

Nf 

Average 
mr/br at 3 ft. (SC), for 

Energy 
Nf fissions/ftt Total _ _ Photons/set 

E 
By Line BY Error Photons 10‘ Rssion 

E E’ Using E per set 

x 104 kev Pet 

Shot Cherokee 

Standard cloud 

sample 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Shot Zuni 

Standsnd cloud 

sample 

1 

2 

3 

4 

5 

6 

7 

8 

9 

How F-61 

1 

2 

YAG 46-B-19 

2 

3 

4 

5 

6 . 
6’ 

7 

8 

9 

10 

How F-67 

1 

2 

3 

4 

YAG 40-B-6 

1 

2 

3 

4 

53 

14 

98 

166 

191 

215 

242 

262.5 

335 

405.5 

597.5 

53 

69 

93 

117 

192 

242 

454 

790 

1.295 

240 

460 

266 

362 

459 

790 

983 

987 

1.298 

1.728.5 

2,568.5 

2,810 

359 

460.5 

981 

1.606 

383 

458 

982 

1.605 

8.82 x 10” 

9.84 x 10’2 

1*0° i lol’ 

3. 71 x 10” 

(solid) 

7. 29 x 10’3 

(solid) 

I 

294 20.64 21.15 2.47 11.62 1.317 

299 17.18 17.66 2. 79 9. 65 1.094 

310 11.94 12.15 1.76 6. 53 0.740 

337 7. 88 8. 36 6. 09 4. 04 0.458 

379 6. 36 6. 87 8. 02 2. 91 0.330 

391 5. 82 6. 24 7. 22 2. 59 0.294 
417 5.00 5. 40 8.00 2.10 0.238 
446 4. 44 4. 81 8. 33 1. 75 0.198 
490 3. 46 3. 81 10.12 1. 26 0.143 

509 2. 85 3. 10 8. 77 0.99 0.112 

626 1.82 1. se 8.79 0. 52 0.059 

477 62.47 67.36 7. 83 22. se 2.335 
413 49.92 52.89 5. 95 20.82 2.116 

422 37. 90 39. 64 4.59 15.28 1.553 

433 28.45 30.12 5.87 11.31 I. 149 

437 16. 71 17.78 6. 40 6. 62 0.673 

485 13.05 14.03 I. 51 4. 71 0.479 

589 6. 28 6. 84 8. 92 1. so 0.193 

624 3.29 3. 52 6. 99 0.93 0.095 

559 1.56 1. 65 6. 45 0.48 0.049 

210 1. 72 1. 73 0.58 1. 34 0.134 

247 0. 64 0. 65 1. 56 0. 43 0.043 

419 181.18 193.33 6. 71 74.98 0.202 

480 110.18 119.14 8.13 40.4 0.109 

508 105.62 113.95 7. as 36.29 0.098 

606 51.07 54.87 7. 44 14.83 0.040 

731 53.46 56.63 5.93 12.87 0.035 

706 49.24 51. es 5.38 12.21 0.033 

710 38.09 40.91 7.40 9. 58 0.026 

706 28.41 30.05 5. 77 I. 07 0.019 

711 18.85 19. 60 3. 98 4. 60 0.012 

731 14.50 16.02 10.48 3: 65 0.010 

318 10.66 11.38 6. 75 5. 82 0.080 

385 8. 31 a. 73 5. 05 3. 69 0.051 

610 4. 38 4.53 3. 42 1. 20 0.016 

646 3.54 3. 64 2. 82 0. 93 0.013 

444.76 

457.16 

656.58 

695.12 

12.92 

9. 43 

4. 49 

3. 47 

237 

13.79 6. 73 5. 05 0.10 
10.07 6. 79 3. 58 0.070 
4. 76 6. 01 1. 2 0.024 

3. 60 3. 75 0. 86 0.017 

FF’ 



TABLE B. ‘21 CONTINUED 

Sample 
Desqnation Me 

Number of 

Fisstons 

Average 
mrihr at 3 ft. I%). for 

Energy 
Nf fissions/ft* Total 

B 
By Line BY Error- 

Photons/se, 
Photons 

E h Using E per set 
10‘ flssio”* 

Shot Flnthend 

Stsndard cloud 

sample 

2 

3 
4 

5 

6 

7 

a 

9 

96. 5 

195 

262 

334 

435 

718 

1.031 

1,558 

YAG 39-C-36 

1 

2 

119.5 

598 

YFNB 13-E-56 

1 

2 

3 
4 

337 

722 

1.032 

1,538 

YFNB 13-E-54 

1 

2 

3 
4 

357 

720 
1.034.5 

1,538.~ 

Shot Navajo 

Standard cloud 

Mmple 
1 
2 

3 
4 

5 

6 

51.5 

69 

141 

191 

315 
645.5 

YFNB 13-E-54 

1 

3 

4 

5 

197 

311 

360 
551 

YAG 39-C-36 

1 

2 

216 - 436.11 1.92 

260 - 549.03 0. 99 

YFNB 13-E-66 

1 
2 

3 

237.5 

359 

551 

YAG 39-C-21 309.5 

ht Nf 

2. 79 x 10“ 

1 

1. 06 x IO” l 

(solid) 

4.44 x 10” 

(solid) 

I 

3. ai x 10” 

I 

3.46 x 10” 

I 

2.40 x IO” 

(solid) 

1 

6. 50 x 10” 

I 

3.90 x 10” 

kOV Pet x 10‘ 

335. aa 61.12 62. aa 2. aa 30. 49 1.093 

402.04 27.94 29.18 4. 44 ii. a2 0.424 
489.13 la. 94 20.36 7. 50 6. 44 0.231 
535.96 16.31 17.73 a. 39 5. 39 0.193 
573.61 11.06 12.01 a. 59 3. 43 0.123 
661.49 6. 08 6. 56 7. a9 1. 64 0.059 
708.63 3.16 3. 42 a. 23 0. a0 0.029 
678.61 2.08 2. 21 6. 25 0. 54 0.019 

306.28 14.77 15.20 2.91 .a. 08 0.762 
532.08 1.99 2.17 9. 05 0. 65 0. 061 

515.74 13.38 14.52 a. 52 4. 58 0.103 
659.93 5. 96 6. 38 7. 05 1. 60 0.036 
881.15 3. 71 3. 95 6. 47 0. 96 0.022 
699.09 1. 77 1. a5 4. 52 0.44 0.010 

389.11 12.41 13.52 a. 94 5. 66 0.149 
549.26 5. 08 5. 51 a. 46 1.64 0.043 
672. aa 3. 55 3. 73 5. 07 0. 92 0.024 
662.90 1. 94 2. 00 3. 09 0.50 0.013 

567. 6a 20.50 22.97 12.05 6. 62 1.913 
483.11 13.32 14.65 9. 98 4. 94 I. 428 
396.37 5. 00 5. 31 6. 70 2. la 0.630 
482.27 4. a4 5.18 7.02 1. 75 0.506 

604.29 2. 13 2. 32 a. 92 0. 63 0.182 
585.68 0. 72 0. 78 a. 33 0. 22 0. 064 

496.15 9. 34 9. 96 6. 63 3.27 0.136 

658.79 a. 15 a. 74 7. 24 2.19 0.091 
710.86 a. 36 a. 92 6. 70 2. 09 0.087 
ala. 31 5. 69 6. 01 5. 62 1.24 0.052 

2. 05 

1.04 

4. 75 

3. 21 
1. 70 

2. 10 

6. 77 0. 76 - 

5. 05 0. 31 - 

518. a7 4. 40 

676. a6 2. 98 

688.41 1. 58 

7. 95 

7. 72 

7. 59 

0.229 

0.120 

0.063 

604.65 1. 96 7.14 

1.49 

0. 78 

0.41 

0.57 0.146 

238 



TABLE B. 21 CONTINUED 

Sample 

Designation Age 
Number of 

Fissions 

Average 
mr/hr at 3 ft. (SC), for 

Energy 
Nf fissions/ft’ Total Photons/set 

E 
By Line BY Error Photons 10’ fission 

E E Using I per sac 

Shot Tewa 

Standard cloud 

sample 

1 

2 

3 

4 

5 

8 

7 

8 

9 

10 

11 

71. 5 

93.5 

117.0 

185.0 

’ 240.5 

333.5 

429io 

578.5 

785.5 

1.289.0 

1.511.0 

4.71 x 101’ 

t 

401.33 127. I 131.84 3. 57 53.42 1.134 

378.45 94.25 97.80 3.55 42.00 0.892 
377.50 75. 84 79.29 4. 83 34. 21 0. 728 
373.02 82.27 85.71 5. 52 28.89 0.809 
480.73 44.21 47.38 7.17 18. 15 0.358 
489.33 24.88 27.01 8. 58 8. 99 0.191 
548.48 18.47 20.18 9. 15 8. 00 0.127 
829.84 12.70 13.83 8. 90 3. 82 0.077 
884.50 10.40 11.18 7. 50 2. 18 0.059 
848.8Q 4. 94 5. 21 5.47 1.33 0.028 

858.33 4.13 4. 33 4. 84 1.09 0.023 

YAG 39-C-38 

1 

2 

3 

4 

5 

173.0 

237.0 

312.0 

407.0 

578.0 

1.77 x 10” 

(solid) 

I 

345.84 18. 78 17.41 3. 75 8. 2 0.483 
355.39 12.27 12.81 4. 40 5. 87 0.332 
397. 80 7. 99 8. 42 5. 38 3. 4.5 0.195 
418. 92 5. 89 8. 04 8. 15 2. 38 0.133 
571.85 3. 95 4. 22 8. 84 1. 21 0.088 

YFNB 13-E-58 

1 

2 

3 

4 

5 

8 

238 

335 

413 

578 

1.270 

1.512 

3.40 x 10” 

(solid) 

* I 

270.08 il. 84 lr. 24 3. 38 7. 38 0.217 
295.58 7. 18 7. 48 4.19 4. 11 0.121 
327.78 4. 85 5. 07 4. 54 2. 52 0.074 
434.03 3. 82 4. 00 4. 71 1.50 0.044 
542.00 1. 84 1. 87 1. 83 0. 50 0.015 
583.09 1.18 1.17 0.88 0. 34 0.010 

Y3-T-IC-D 243 380.31 1.01 1. 08 4. 95 0. 48 - 

YFNB 13-E-54 

1 

2 

3 

4 

283 

318 

408.5 

824.0 

287 

411 

828 

781 

1.271 

1.513 

2.38 x 10” 

I 

1.82 x 10” 

I 

308.39 

330.48 

373.45 

484.14 

8. i7 

4. 81 

3. 49 

1. 78 

7. 21 4. 96 3. 83 0. 181 
4. 85 5. 21 2. 39 0.100 
3. 71 8.30 1. 82 0.088 
1. 90 ‘7.95 0. 84 0.027 

YAG 39-C-21 

1 

3 

4 

5 

8 

7 

427.28 88. 72 73. 34 8. 72 27.98 0.154 

485.32 40. 87 43.85 1. 33 15.28 0.084 

584.53 23. 70 25. 53 7. 72 7. 40 0.041 
808.21 17.33 18.88 7. 87 5.07 0.028 
872.81 9. 75 10.18 4. 21 2.51 0.014 

889.95 7.83 8. 08 3.19 2. 00 0.011 

hr N f kev Pet x 10’ 

239 



TABLE B. 22 COMPUTED DOGHOUSE DECAY RATES OF FALLOUT AND CLOUD SAMPLES 

Activities are computed in unlte of (counte/sec)/lO’ flseione for a point souroe in a covered OCC tray on the floor of the counter. The product/fisston 
ratio for the induced product acttvlttea QP) appears directly below the nucltde symbol. Induced activlttes are summed and added to the fission product 
activity (FP) for the total computed count rate. Numbers in parentheses denote the number of zeros between the decimal point and the first significant 
figure, e. g. , (3)291 = 0.000291. 

Age Na” Cr” MnW MIP 

0.011 
Fe” Co” Corn Coo Cu” Sb’*’ Sbi2’ 

hr 0.0109 0.00173 
- - - ~ - ~ ___ ___ 
0.011+ 0.00041 0.0031 6.0036 0.00264 0.0090 0.0252 t 0.0084 

Shot Zuni, Average Lagoon-Area Compoeltlon: 

45. 8 min 

1.12 hre 
1. 64 hre 
2.40 hre 
3.52 hrs 

5.16 hrs 
7.56 hrs 

rG $ 11.1 hrs 
16.2 hre 
23.8 hrs 

1.45 days 

2.13 daye 
3.12 days 
4.57 days 
6. 70 days 

9.82 days 
14.4 days 
21.1 days 
30.9 days 
45.3 days 

66.4 days 
97.3 days 

143 days 
208 daye 

0.763 (6)llS (10)419 (9)175 

1.12 (6)117 (10)419 (9)175 

1. 64 (6)114 (10)419 (9)175 

2. 40 (6)llO (10)419 (9)17S 

3. 52 (6)105 (10)419 (9)175 

5. 16 (7)970 (10)417 (9)175 

7.56 (7)868 (10)415 (9)176 

11.1 (7)738 (10)415 (9)175 

16. 2 (7)583 (lo)412 (9)17S 

23.6 (7)409 (lo)408 (9)175 

34. 8 (7)249 (10)405 (9)175 

51.1 (7)117 (lo)398 (9)175 

74.9 (8)391 (lo)388 (9)174 

109.7 (9)787 (10)374 (9)174 

160.8 (10)743 (10)353 (9)173 

235.7 
345. 6 
506.4 
741.6 

1,087 

(11)228 (lo)327 (9)172 * (10)345 (10)898 (9)290 

(10)291 (9)169 (lo)321 (10)887 (9)278 

(lo)246 (9)167 (10)290 (lo)872 (9)260 

(1O)lSO (9)164 (lo)250 (lo)851 (9)237 

(lo)132 (9)158 (10)200 (lo)820 (9)206 

1.594 
2,335 
3,432 
4,992 

(11)772 (9)151 (101145 (10)777 (cl)168 (lo)108 (9)569 
(11)351 (9)141 (11)902 (10)717 (s)i25 (10)107 (9)398 
(1l)llO (9)126 (111447 (lo)638 (lo)803 (10)105 (9)235 
(12)211 (9)lOS (11)165 (10)540 (lo)432 (10)102 (Sjlll 
(13)lSS (lo)882 (12)396 (lo)426 (lo)176 (11)SSO (10)379 301 days 7,224 

(6)544 (10)401 

(6)494 (10)401 

(6)430 (10)401 

(6)351 (10)400 
(6)260 (10)400 

(6)166 (10)400 

(7)874 (10)399 

(71340 (lo)398 

(8)861 (10)397 

(8)112 (10)395 

(lo)581 (lo)392 

(12)748 (lo)388 

(lo)382 

(10)374 

(lo)362 

(10)921 (9)31? 
(10)921 (9)319 

(lop20 (9)319 

(lop20 (9)319 

(10)920 (9)318 

(10)920 (9)318 

(10)920 (9)318 

(1O)SlS (9)318 

(1O)SlS (9)317 

(1O)SlS (9)316 

(10)917 (9)314 

(lo)916 (9)312 

(10)913 (9)309 

(1O)SlO (9)305 

(10)905 (9)299 

(io)iii (7)356 

(1O)lll (7)347 

(1O)lll (7)338 

(1O)lll (7)326 

(1O)lll (7)306 

(IO)111 (7)280 

(lo)111 (7)246 

(1O)lll (7)203 

(1O)lll (7)154 

(1O)lll (7 )103 

(1O)lll (8)564 

(1O)lll (8)234 

(1O)lll (9)651 

(1O)lll (lo)936 

(1O)llO (11)629 

(1O)llO (12)112 

(1O)llO 

(1O)llO 

/lO)lOS 

(1O)lOS 

(7)335 f8)123 
(7)335 (8)123 
(7)333 (8)123 
(7)330 (8)123 
(7)328 (8)123 

(7)320 t8)123 
(7)312 (8)122 
(7 )302 tab22 
(7)285 (8)122 
(7)265 (8)121 

(7)235 (8)121 
(7)lSS (8)120 
(71154 (8)118 
(7)107 (8)116 
(8)625 (8)113 

(a)285 (8)lOS 
(9)897 (8)lO.t 
(9)166 (9)958 

(10)141 (9)857 
(12)381 (9)727 



Age 
Til”O Ta18Z t1$03 

___ __ - 
hr 0.0691 t 0.0326 0.050 

Shot Zuni, Average Lagoon-Arca Compusitio 1 

15.8 mtn 

1.12 hrs 

1.64 hrs 

2.40 hrs 

3.52 hrs 

5. 16 hrs 

7.56 hrs 

11.1 hrs 

16. 2 hrs 
N e 23. 8 hrs 

1.45 days 

2.13 days 

3.12 days 

4.57 days 

6.70 days 

9.82 days 

14.4 days 

21.1 days 

30.9 days 

45.3 daye 

66.4 days 

97.3 days 

143 days 

208 days 

301 days 

0.763 (6)&?1 

1.12 (6)850 

1.64 (6)808 

2. 40 (6)760 

3. 52 (6)6YO 

(8)355 

(8)355 

(8)355 

(81355 

(8)355 

(6V-70 1 
(6)170 

(G)168 

(6)167 

(6)16-1 

5. 16 (6)SYY 

7. 56 (6)489 

11.1 (6)362 

16. 2 (6)235 

23. 8 (6)123 

(6)355 

(8)355 

(8)355 

(8)355 

(8)352 

(6)lGl 

(6)156 

(G)148 

(6)139 

(6)12G 

34. 8 (7)481 

51.1 (7)121 

74. 9 (8)160 

109.7 (10)629 

160.8 (11)108 

(8 )352 

(8)352 

(8)349 

(8)346 

(8)342 

(G)lMI 

(7)870 

(7)635 

(7 )400 

(7)202 

235. I 

345.6 

506.4 

141. 6 

1,087 

(8)336 

(8)326 

(8)313 

(8)295 

(8)270 

(8)745 

(8)172 

(9)202 

(ll)Mwl 

(13)650 

1.594 (8)238 

2.335 (8)197 

3,432 (8)149 

4.992 (6)lOO 

I. 224 (Y)570 

TABLE B. 22 CONTINUED 

Sum of FP 

(4)GuJJ 

(4)3946 

(4)2429 

(4)14G!, 

(5)882b 

(El)5243 

(5)X246 

(5)“21U 

(5)1519 

(6)9YU3 

(G)595Y 

(6)333li 

(G)187Y 

(6)1133 

(7)6834 

(7)4159 

(7)2598 

(7)1749 

(7)1249 

(8)9022 

(8)6424 

(8)4413 

(a)2726 

(&)1401 

(9)5868 



TABLE B. 22 CONTINUED 
‘..! 3% 

A@ Na” Cr“ Mn” Ml+‘ Fe“ co“ co” co& Cl? Sb”’ Sb” -- - - - - - - - - 
hr 0.0109 0.00173 0.011 0.011, 0.00041 0.0031 0.0036 0.00264 0.0090 0.219 0.073 

Shot Zunl, Cloud Compoeltlon: 

45.8 min 0.763 

1.12 hre 1.12 

1. 64 hre 1.64 

2.40 hre 2.40 

3.52 hre 3. 62 

5.16 hre 

7.56 hre 

11.1 hre 

16.2 hre 

5.16 (7)970 

7.56 (7)868 

11.1 (7)738 

16. 2 (7)583 

23. 8 (7 )409 N 

iz 
23.8 hre 

1.45 day8 34. 8 

2.13 days 51.1 

3.12 days 74. 9 

4.57 days 109.7 

6. 70 days 160.8 

9.82 days 235. 7 

14.4 days 345.6 

21.1 daye 506.4 

30.9 days 741.6 

45.3 days 1,087 

66.4 daye 1,594 

97.3 days 2,335 

143 day8 3,432 

208 days 4,992 

301 day s 7,224 

(6)119 

(6)117 

(6)114 

(6)llO 

(6)105 

(7)249 

(7)117 

(8)391 

(9)787 

(10)743 

(11)228 

(10)419 

(10)419 

(10)419 

(10)419 

(10)419 

(10)417 

(10)415 
(10)415 

(lo)412 

(lo)408 

(10)405 

(lo)398 

(lo)388 

(10)374 

(10)353 

(lo)327 

(10)291 

(lo)246 

(10)190 

(lo)132 

(11)772 

(11)351 

(11)llO 

(12)211 

(13)195 

(9)175 

(9)175 

(9)176 

(9)175 

(9)176 

(9)175 

(9)175 

(9)175 

(9)175 

(9)175 

(9)175 

(9)175 

(9)174 

(9)174 

(9)173 

(9)172 

(9)169 

(9)167 

(9)164 

(9)158 

(9)151 

(9)141 

(9)126 

(9)109 

(lo)882 

(6)544 (10)401 

(6)494 (10)401 

(6)430 (10)401 

(6)351 (10)400 

(6)260 (10)400 

(6)166 (10)400 

(7)874 (10)399 
(7)340 (lo)398 

(8)861 (10)397 
(8)112 (10)395 

(lo)581 (10)392 

(12)748 (lo)388 

(lo)382 

(10)374 

(lo)362 

(10)345 

(lo)321 

(10)290 

(lo)250 

(1O)ZOO 

(10)145 

(11)902 

(11)447 

(11)165 

(12)396 

(10)921 

(10)921 

(10)920 

(10)920 

(10)920 

(10)920 

(10)920 

(10)919 

(10)919 

(10)919 

(10)917 

(lo)916 

(10)913 

(10)910 

(10)905 

(lo)898 

(lo)887 

(lo)872 

(lo)851 

(lo)820 

(10)777 

(10)717 

(lo)638 

(10)540 

(LO)425 

(9)319 

(9)319 

(9)319 

(9)319 

(9)318 

(9)318 

(9)318 

(9)318 

(9)317 

(9)316 

(9)314 

(9)312 

(9)309 

(9)305 

(9)299 

(9)290 

(9)278 

($)260 

(9)237 

(9)206 

(9)168 

(9)125 

(lo)803 

(lo)432 

(lo)176 

(1O)lll 

(1O)lll 

(1O)lll 

(1O)lll 

(1O)lll 

(1O)lll 

(1O)lll 

(1O)lll 

(1O)lll 

(1O)lll 

(1O)lll 

(1O)lll 

(1O)lll 

(1O)lll 

(1O)llO 

(1O)llO 

(1O)llO 

(1O)llO 

(10)109 

(10)109 

(lo)108 

(10)107 

(10)105 

(10)102 

(11)990 

(7)356 

(7)347 

(7)338 

(7)326 

(7)306 

(7)280 

(7)246 

(7)203 

(7)154 

(7)103 

(8)564 

(8)234 

(9)651 

(lo)936 

(11)629 

(12)112 

(6)291 

(6)291 

(6)289 

(6)287 

(6)285 

(6)278 

(6)272 

(6)263 

(6)247 

(6)230 

(6)204 

(6)173 

(6)134 

(7)931 

(7)543 

(7)247 

(8)780 

(8)144 

(9)122 

(11)331 

(13)162 

(7)107 

(7 jlO7 

(7)107 

(7)107 

(7)107 

(7)107 

(7)106 

(7)106 

(7)106 

(7)105 

(7)105 

(7)104 

(7)103 

(7)lOl 

f8)985 

(8)949 

(8)905 

(8)832 

(8)745 

(8)631 

(8)494 

(8)346 

(8)204 

(9)964 

(9)329 
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TABLE B. 22 CONTINUED 

Age Na” Cr‘t Nm” Nm” Fe” cob’ co” co” CU” Ta”’ - ~ - ~ ~ - __I ~ _ 
hr 0.0314 0.0120 0. 10 0.094 0.0033 0.00224 0.00193 0.0087 0.0270 0.038 1 

Shot Navajo, Average Fallout Composition: 

E 

45.8 min 

1.12 hrs 

1. 64 hrs 

2.40 hrs 

3. 52 hre 

5.16 hrs 

7.56 hrs 

11.1 hrs 

23. 16.2 tl hrs hrs 

1.45 days 

2.13 daya 

3.12 days 

4.57 day8 

6.70 days 

9.82 days 

14.4 days 

21.1 days 

30.9 days 

45.3 days 

66.4 days 

97.3 days 

143 days 

208 days 

0.763 (6)342 (9)290 (8)159 

1.12 (6)336 (9)290 (8)159 

1. 64 (6)330 (9)290 (8)159 

2. 40 (6)317 (9)290 (8)169 

3. 52 (6)301 (9)290 (8)159 

5. 16 (6)279 (9)289 (8)159 

7.56 (6)250 (9)288 (8)159 

11.1 (6)213 (9)288 (8)159 

16.2 (6)168 (9)286 (8)159 

23. 8 (6)118 (9)283 (8)159 

34.0 (7)716 (9)281 (8)1S9 

51.1 (7)336 (9)276 (8)159 

74. 9 (7)113 (9)269 (8)158 
109.7 (8)227 (9)259 (8)158 

160.8 (9)214 (9)245 (8)157 

235.7 
345.6 

506.4 

741. 6 

1,087 

(11)656 (9)227 (8)156 (9)278 (lo)649 (9)156 (lo)363 

(9)202 (8)154 (9)259 (lo)641 (9)149 (lo)362 

(9)170 (8)152 (9)233 (lo)630 (9)140 (IO)361 

(9)132 (8)149 (9)201 (lo)615 (9)127 (lo)360 

(10)918 (8)144 (9)161 (10)592 (9)lll (lo)358 

1,594 

2,335 

3,432 

4,992 

(10)535 (8)137 (9)116 (lo)561 (10)901 (10)355 
(lo)244 (8)12l3 (lo)726 (lo)518 (lo)670 (10)351 

(11)760 (8)llS (lo)360 (lo)461 (10)430 (10)345 

(11)146 (9)992 (10)133 (10)390 (lo)232 (10)338 

(12)136 (9)802 (11)319 (10)307 (11)942 (lo)326 301 days 7,224 

(5)465 (9)322 

(5)422 (9)322 

(5)368 (9)322 

(5)300 (9)322 

(S)222 (9)322 

(5)142 (9)322 

(6)747 (9)321 

(6)290 (9)320 

(?)736 (9)319 

(8)959 (9)318 

(9)496 (9)316 

(11)639 (9)313 

(9)308 

(9)301 

(9)291 

(lo)665 (9)171 (lo)364 (6)llO (6)479 

(lo)665 (9)171 (lo)364 (6)107 (6)467 
(lo)665 (9)171 (lo)364 (6)104 (6)445 
(lo)665 (9)171 (lo)364 (6)lOl (6)418 
(10)665 (9)171 (lo)364 (7)945 (6)380 

(10)666 (9)171 (lo)364 (7)865 (6)329 
(10)665 (9)170 (lo)364 (7)759 (6)269 
(lo)664 (9)170 (lo)364 (7)62EI (6)199 
(lo)664 (9)170 (lo)364 (7)475 (6)129 

(lo)664 (9)169 (lo)364 (7)317 (7)676 

(lo)663 (9)168 (lo)364 (7)174 (7)264 

(lo)662 (9)167 (lo)364 (8)723 (8)665 

(10)660 (9)166 (lo)364 (8)201 (9)878 
(lo)658 (9)163 (lo)364 (9)289 (lo)456 

(lo)654 (9)160 (lo)363 (10)194 (12)593 

(12)348 



N 

b 

TABLE B. 22 CONTINUED 

Age 
Ta”Z Pb20’ - ___ 

hr 0.038 0.0993 

Shot Navajo, Average Fallout Compobition: 

45. 8 min 

1.12 hra 

1.64 bra 

2.40 hre 

3.52 hre 

0.763 (8)414 

1.12 (8)414 

i. 64 (8)414 

2. 40 (8)414 

3. 52 (8)414 

5.16 hre 

7.56 hre 

11.1 hre 

16.2 hrs 

23.8 hre 

5. 16 (8)414 

7. 56 (8)414 

11.1 (8)414 

16. 2 (8)414 

23. 8 (8)SlO 

1.45 days 34. 8 

2.13 days 51. 1 

3.12 days- 74.9 

4.57 days 109.7 

6.70 days 160.8 

9.82 days 235.7 

14.4 days 345. 6 

21.1 days 506. 4 

30.9 daye 741.6 

45.3 daye 1,087 

66.4 daye 1,594 

97.3 days 2,335 

143 days 3.432 

208 days 4,992 

301 days 7,224 

(8)410 

(8)410 

(8)407 

(8)403 

(8)399 

(8)391 

(8)380 

(8)365 

(8)344 

(8)315 

(8)277 

(8)229 

(8)174 

(8)117 

(9)665 

(6)644 

(6)642 

(6)636 

(6)631 

(6)621 

(6)608 

(6)598 

(6)560 

(6)524 

(6)475 

(6)408 

(6)329 

(6)239 

(6)151 

(7)762 

(7)281 

(8)652 

(9)762 

(lo)332 

- 

Sum of FP 
- 

(3)1171 

(4)7727 

(4)4870 

(4)3015 

(4)1868 

(4)1175 

(5)7600 

(5)5065 

(5)3337 

(5)2124 

(5)1326 

(6)8054 

(6)4914 

(6)3154 

(6)ZOSl 

(6)1353 

(7)8691 

(7)5473 

(7)3355 

(7)1968 

(7)1126 

(8)6652 

(8)3877 

(8)1989 

(9)8710 



TABLE B. 22 CONTINUFD 

Age 
hr 

Shot Flathead. Ave{age Fallout Compoeltlon: 

45.6 mln 0. 763 

1.12 hrs 1.12 

1. 64 hrs 1. 64 

2.40 hre 2. 40 

3.52 hrs 3. 52 

5.16 hre 

7.56 hrs 

11.1 hrs 

16.2 hrs 

23. 8 hre 

5.16 1 
7.56 ’ 

ii.1 / 
16.2 ; 
23.61 

1.45 days 

2.13 days 

3.12 days 

4.51 days 

6.70 days 

34.8’ 

51.1 

74. 9 

109. ?! 

160.6 

9.82 days 

14.4 days 

21.1 days 

30.9 days 

45.3 days 

235. ‘1 

345. 6 

506.4 
741.6 ’ 

1.067 

66.4 days 1,594 
97.3 days 2,335 

143 d:1ys 3,432 
208 days 4,992 
301 days I. 224 

Na” 

0.00145 

cu” co” co’ 

0.00217 0.0036 0.0053 

’ (?)158 

(?)155 

(?)152 

(?)146 

(?)139 

i?,129 

(7)115 

(b)962 

(8)??6 

(8)544 

@)331 

(8)155 

(9)521 

(S)105 

(11)989 

(12)303 

I 

(8)85? 

(8)836 

(8)814 

(8)?86 

(8)?38 

(8)6?5 

@)5S2 

(8)490 

@I)371 

@)24? 

(8)136 

(S)564 

(9)157 

(lo)226 

(11)152 

(13)2?1 

(9)10? 

(9)10? 

(9)107 

(9)10? 

(9)10? 

(S)lO? 

(9)107 

(9)10? 

(S)lO? 

(S)lO? 

(9)10? 

(S)106 

(S)106 

(S)106 

(9)105 

(9)lOJ 

(9)103 

cl)101 

(lOkM8 

(10)952 

(10)902 

~lOw333 

(10)?41 

(lo)627 

(10)494 

(9)4?0 

(9)4?0 

(9)469 

(9)469 / 

(9,469 / 

(9,469 
(9)468 
(9)46? i 
(9)466 ’ 
(9)465 

(9)463 
(9)460 
(9)455 
(9)449 
(9)440 

(9)427 
(9)409 
(9)383 
(9)349 
(9)304 

(9)248 
(9)1t34 

(9)118 

(lo)636 

(lOJ259 

IImIli Sum of F 

(3)11?1 

(4)??2? 

(4)48?0 

(4)3015 

(4)1866 

(4)11?5 

(5)?600 

@)5065 

(5)333? 

(5)2124 

(5)1326 

(6)8054 

(6)4914 

(6)3154 

(6)2061 

(6)1353 

(I)8691 

(?)54?3 

(?)3355 

(?)1968 

(?)1126 

(a)6652 

(8)3fJ?? 

(8)1989 

(9)8?10 

- 



TABLE B. 22 CONTlNUED 

Age Na” Cr” Mn” Fe” co” cam co” C”” Tale2 - - - ~ ___ - - ___ ~ 
hr (2)284 (3)29? (3)53 (3)167 (3)182 (3)289 (3)81 (2)228 (2)6 

Shot Tewa. Average Lagoon-Area Compositlon: 

46.8 min 

1.12 hrs 

1.64 hrs 

2.40 hrs 

3.52 hrs 

0.763 (?)310 

1.12 (?)304 

1.64 (7)298 

2.40 (?)28? 

3. 52 (?)2?3 

5.16 hrs 

7.56 hrs 

11.1 hrs 

16.2 hrs 

23.8 hrs 

5. 16 (?)253 

7.56 (?)226 

11.1 (?)192 

16. 2 (?)152 

23. 8 (?)106 

1.45 days 

2.13 days 

3.12 days 

4.57 days 

6.70 days 

34.8 (8)648 

51.1 (8)304 

74.9 (8)102 

109.7 (9)205 

160.8 (10)194 

9.82 days 235.7 

14.4 days 345.6 

21.1 days 506.4 

30.9 dayi3 741.6 

45.3 days 1,087 

66.4 days 1,594 

97.3 days 2,335 

143 days 3,432 

208 days 4,992 

301 days 7,224 

(12)594 

(11)?19 

(11)?19 

(11)?19 

(11)?19 

(11)?19 

(11)?16 

(11)?13 

(11)?13 

(ll)?O? 

(ll)?Ol 

(11)695 

(11)683 

(11)665 

(11)642 

(11)606 

(11)561 

(11)499 

(11)422 

(11)32? 

(11)22? 

(11)132 

(12)603 

(12)188 
(13)362 

(14)336 

(11)843 

(11)843 

(11)843 

(11)843 

(11)843 

(11)843 

(11)843 

(11)843 

(11)843 

(11)843 

(11)843 

(11)843 

(11)83? 

(11)83? 

(11)832 

(11)82? 

(11)816 

(11)806 

(11)?90 

(11)?63 

(11)?26 

(11)6?8 

(11)610 

(11)526 

(11)425 

(lo)163 

(lo)163 

(lo)163 

(lo)163 

(lo)163 

(lo)163 

(lo)162 

(lo)162 

(lo)162 

(lo)161 

(lo)160 

(lo)158 

(lo)!56 

(lo)152 

(10)14? 

(10)140 

(10)131 

(lo)118 

(10)102 

(11)815 

(11)690 

(11)36? 

(11)182 
(12)673 

(12)161 

(11)541 

(11)541 

(11)540 

(11)540 

(11)540 

(11)540 

(11)540 

(11)540 

(11)540 

(11)539 

(11)539 

(11)538 

(11)536 

(11)534 

(11)631 

(11)52? 

(11)521 

(11)512 

(11)499 

(11)481 

(11)456 

(11)421 

(11)3?4 

(11)31? 

(11)250 

(lo)256 

(lo)256 

(lo)256 

(lo)256 

(10)255 

(lo)255 

(lo)255 

(lo)255 

(lo)254 

(lo)253 

(10)252 

(lo)251 

(lo)248 

(lo)245 

(lo)240 

(lo)233 

(lo)223 

(10)209 

(10)190 

(10)166 

(10)136 

(1O)lOO 
(11)644 

(11)34? 

(11)141 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)338 

(11)338 

(11)33? 

(11)336 

(11)335 
(11)333 

(11)330 

(11)32? 
(11)322 
(11)314 

(11)304 

(9)901 

(8)880 

(8)855 

(8)825 

(8)??5 

(8)?09 

(8)622 

(8)515 

(8)390 

(8)260 

(8)143 

(9)593 

(9)165 

(lo)237 

(11)159 

(13)285 

(9)654 

(9)654 

(9)654 

(9)654 

(9)654 

(9)654 

(9)654 

(9)654 

(9)654 

(9)648 

(9)648 

(9)648 

(9)642 

(9)636 

(9)630 

(9)618 

(9)600 

(9)5?6 

(9)542 

(9)49? 

(9)43? 

(9)362 

(9)275 

(9)184 

(9)105 



TABLE B. 22 CONTINUED 

Age Pb203 

hr (4)178 

Shot Tewa, Average Lagoon-Area Compoeition: 

45. t3 min 

1.12 hrs 

1.64 hrs 

2.40 hre 

3.52 hre 

0.763 (lo)607 

1.12 (lo)605 

1. 64 (lo)600 

2. 40 (10)594 

3. 52 (lo)586 

5.16 hrs 

7.56 hrs 

11.1 hrs 
16.2 hrs 
23.8 hrs 

5. 16 (10)573 

7. 56 (10)555 
11.1 (10)529 

16. 2 (10)495 
23. 0 (10)449 

1.45 days 34.0 

2.13 days 51.1 

3.12 days 74.9 

4.57 days 109.7 

6.70 days 160.8 

9.82 days 235. 7 

14.4 days 345. 6 

21.1 days 506.4 
30.9 days 741.6 

45.3 days 1,087 

66.4 days 1,594 

97.3 days 2,335 

143 days 3,432 

208 days 4,992 

301 days 7,224 

(lo)386 

(10)310 

(lo)226 

(lo)142 
(11)719 

(11)265 

(12)614 

(13)719 

(14)313 

Sum of FP 

(4)6035 

(4)3947 

(4)2430 

(4)1470 
(5)8831 

(5)5246 i 

(5)3252 

(5)2214 
(5)1524 

(6)9968 

(6)6037 
(6)3427 

(6)1983 

(6)1243 

(7)7919 

(7)5126 
(7)3366 

(7)2287 

(7)1566 
(7)1048 

(8)6888 

(8)4499 

(a)2734 

(8)1401 

(9)5868 



TABLE B.22 CON’DNUED 

Age 
* hr 

Na” crtt MIP Fe” co” co” co” Cu“ Tat” - - ~ ~ ---_ 
(2)284 (3)29? (3)53 (3)167 (3)182 (3)289 (3)81 (2)228 0.01 

Shot Tewa, Average Cloud and Outer Fallout Area Composition: 
. 

45.8 min 

1.12 hrs 

1.64 hrs 

2.40 hrs 

3.52 hrs 

0.763 (7)310 

1.12 (7)304 

1. 64 (7)298 

2. 40 (7)287 

3.52 (7)273 

5.16 hrs 5.16 

7.56 hrs 7.56 

11.1 hrs 11.1 

16.2 hrs 16. 2 

23.8 hrs 23. 8 

1.45 hrs 34. 8 

2.13 days 51.1 

3.12 days 74.9 

4.57 days 109.7 

6. 70 days 160.8 

9. 82 days 

14.4 days 

21.1 days 
30.9 days 
45. 3 days 

235. I 

345.6 

506.4 

741.6 
1,087 

66.4 days 1,594 

91. 3 days 2,335 

143 days 3,432 

208 days 4,992 

301 days 7,224 

(7)253 

(7)226 

(7)192 

(7)152 

(7)106 

(8)648 

(8)304 

(8)lOZ 

(9)205 

(10)194 

(12)594 

(11)719 

(11)719 

(11)719 

(11)119 

(11)719 

(11)716 

(11)713 

(11)713 

(11)707 

(11)701 

(11)695 

(11)683 

(11)665 

(11)642 

(11)606 

(11)561 

(11)499 

(11)422 

(11)327 
(11)227 

(11)132 

(12)603 

(12)188 

(13)362 

(14)336 

(11)843 

(11)843 

(11)843 

(11)843 

Cl)843 

(11)843 

(11)843 

(11)843 

(11)843 

(11)843 

(11)843 

(11)843 

(11)837 

(11)837 

(11)832 

(11)827 

(11)816 

(11)806 

(11)790 
Cl)763 

(11)726 

(11)678 

(11)610 

(11)526 

(11)425 

(lo)163 

(lo)163 

(lo)163 

(lo)163 

(lo)163 

(lo)163 

(lo)162 

(lo)162 

(lo)162 

(lo)161 

(lo)160 

(lo)158 

(lo)156 

(10)152 

(10)147 

(10)140 

(10)131 

(lo)118 

(10)102 

(11)815 

(11)590 

(11)367 

(X)182 

(12)673 

(12)161 

(11)541 

(11)541 

(11)540 

(11)540 

(11)540 

(11)540 

(11)540 

(11)540 

(11)540 

(11)539 

(11)539 

(11)538 

(11)536 

(11)534 

(11)531 

(11)527 

(11)521 

(11)512 

(11)499 
(11)481 

(11)456 

(11)421 

(11)374 

(11)317 

(11)250 

. 
(lo)256 

(lo)256 

(lo)256 

(lo)256 

(lo)255 

(lo)255 

(lo)255 

(lo)255 

(lo)254 

(lo)253 

(lo)252 

(lo)251 

(lo)248 

(lo)245 

(lo)240 

(lo)233 

(lo)223 

(10)209 
(1O)lSO 

(10)166 

(10)135 

(1O)lOO 

(11)644 

(11)347 

(11)141 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)339 

(11)338 

(11)338 

(11)337 

(11)336 
Cl)335 
(11)333 

(11)330 

(11)327 

(11)322 

(11)314 

(11)304 

(8)901 

(8)880 

(8)855 

(8)825 

(8)775 

(8)709 

(8)622 

(8)515 

(8)390 

(8)260 

(8)143 

(9)593 

(9)165 

(lo)237 

(11)159 

(13)285 

(8)lOY 

(8)109 

(8)109 

(8)109 

(8)lOS 

(8)lOS 

(8)109 

(8)109 

(8)LOS 
(8)108 

(8)108 

(8)108 

(8)107 

(8)106 

(8)105 

(8)103 

(8)lOO 

(9)960 

(9)904 
(9)828 

(9)729 
(9)603 

(9)458 

(9)307 

(9)175 

- 



TABLE B. 22 CONTINUED 

Age Pt.+03 

hr (4)178 

Shot Tewa, Average Cloud $nd Outer Fallout Area Composition: 

45.8 min 

1.12 hrs 
1.64 hre 

2.40 hrs 
3.52 hrs 

0.763 (lo)607 

1.12 (lo)605 
1. 64 (lo)600 
2. 40 (10)594 

3. 52 (lo)586 

5.16 hrs 

7.56 hrs 
11.1 hre 

16.2 hre 

23.8 hre 

5. 16 (10)573 
7. 56 (10)555 

11.1 (lo)529 

16. 2 (10)495 

23. 0 (10)449 

1.45 days 
2. 13 daye 
3.12 days 

4. 57 days 

6. 70 days 

34. 8 

51.1 
74.9 

109. I 
160.8 

9.62 days 235. 7 
14.4 days 345. 6 
21.1 days 506.4 

30.9 days 741.6 

45.3 days 1,087 

66.4 days 1,594 

97. 3 days 2,335 

143 days 3,432 
208 days 4,992 
301 days I, 224 

(lo)386 

(10)310 
(lo)226 

(lo)142 
(11)719 

(11)265 

(12)614 
(13)719 

(14)313 

Sum of FP / 
! 

(3)1171 

(4)7727 

(4)4870 I 
(4)3015 

(4)1868 

(4)1175 
(5)i’SOO 

(5)5065 

(5)3337 
(5)2124 

(6)1326 

(6)8054 
(6)4914 

(6)3154 

/ (6)2061 

(6)1353 
(7)6691 
(7)5473 

(7)3355 

(7)1968 

(7)1126 

(8)6652 

(8)3877 

(8)1989 

(9)8710 

* Assumed aame as MI? from ratio observed at Navajo. 

t Based on ratio Sb’22/Sb’2’ for cloud sample. 

1 Based on ratio Ta’““/Ta”2 for cloud sample. 

6 Based on ratios U2’O/U2” and U2’o/U2a’ for cloud sample. 

I Assumed came as Ta’02. 



TABLE B. 24 COMPUTED Ht:TA-DECAY RATES 

Beta-emlsslon rates for flselon products (FP) and Induced products (IP) are computed and summed for the total emission rate In units of @/sec)/lO’ fleelone. 
‘Product/flsslon ratlos are ltsted directly under the nucllde symbol. Converslon to counting rates, (counts/sec)/lO* flsslons, for a weightless mount and 
(point) source Is made In the last column by means of the shelf factor G, for comparison wlth experlmental results (Table B.25). Numbers In parentheeee 

lndlcate the number of zeros between the decimal point and the first slgnlflcant Mgurc, e.g., (ZK?OO = 0 00200. 
._ 

‘, ___-- I 
Aw NP cob’ co% l c,P t Sum d ___ - ___ ~ 

hl 0.00145 0.003G 0.0053 0.00217 i FP 

Shot Flathcad. Average Fallout Composrtlon: 

45.8 min 0.763 (3)180 
1.12 hrs 1.12 (3)177 
1.64 hrs 1.64 (3)173 
2.40 hrs 2.40 (3)167 
3.52 hrs 3.52 (3)158 

5.16 hrs 5.16 (3)146 

7.56 hrs 7.56 (3)131 

11.1 hrs 11.1 (3)lll 

16.2 hrs 16.2 (4)880 

23.8 hrs 23.8 (4)618 

1.45 days 34.8 (4)376 

2.13 days 51.1 (4)175 

3.12 days 74.9 (5)590 

4.57 days 109.7 (5)119 

6.70 days lGO.8 (6)112 

9.82 days 235.7 
14.4 days 345.6 

21.1 days 506.4 

30.9 days 741.6 
45.3 days 1.087 

(8)344 
(10)230 

NOB (6)756 (3)178 
(G)75D (3)174 
(6)755 (3)169 

(6)755 (3)163 

(6)754 (3)153 

(61754 (3)140 

(6)754 (3)123 

(6)752 (31102 

(6)751 (4)773 

(GJ7-18 (4)513 

(6)745 (4)283 

(6)740 (J)117 

(G)733 (51327 

(61723 (6)498 

(6)708 (7J315 

(G)fi88 (9)566 

(I?)658 (11)lJl 

(6)til7 

(61561 
(G)489 

GG.4 days 1.5!)4 (61398 
!)7.3 days 2,335 (6)29G 

143 days 3,432 (G)191 

208 days 4,992 (61102 
301 tltiys 1,224 17)417 

I 

I 

I i 

1.544 
1.009 
0.634 
0.398 
0.255 

0.5274 
0.3324 
0.1969 
0.1166 
(1)7335 

0.166 (1)4893 
0.109 (1)3364 
(1)716 (1)2343 
(1)456 (1)1615 
(1)282 (lj1103 

(1)176 (2)7640 
(1)109 (2)5256 
(2)674 (2)3564 
(2)452 (2)2430 
(21309 (2)1580 

(2)212 
(2)145 
(3)972 ’ 
(31637 
(3)411 1 

;3)9708 

(3)5770 
\ (313374 

I 

(3)1957 
(3)1145 

(3)262 
(3)170 
(3)105 
(4)590 
(4)311 

’ 4)6968 

1 )4478 
)2lG5 

(411553 

($18184 
. . .. 1 



TABLE B. 24 CONTINUED 

E 

Age Na" MIP Fe6t Co” l co’ cuu 1 Ta’a’ 6 Ta’a’ - - -- ~ - - ~ - 
hr 0.0314 0.094 0.0033 0.00193 0.0087 0.0278 0.038 0.038 

Shot Navajo, Average Fallout Composition: 

45.8 min 

1.12 hrs 

1.64 hrs 

2.40 hrs 

3.52 hrs 

0.763 (2)3&39 

1.12 (2)383 

1.64 (2)374 

2.40 (2)361 

3.52 (2)342 

5.16 hrs 

7.56 hrs 

11.1 hrs 

16.2 hrs 

23.8 hrs 

5.16 (2)317 

7.66 (2)284 

11.1 (2)241 

16.2 (2)lSl 

23.8 (2)134 

1.45 days 

2.13 days 

3.12 days 

4.57 days 

6.70 days 

34.8 (3)813 

51.1 (3)380 

74.9 (3)128 

109.7 (4)257 

160.8 (5)243 

9.82 days 235.7 

14.4 days 345.6 

21.1 days 506.4 

30.9 days 141.6 

45.3 days 1,007 

66.4 days 1,594 

97.3 days 2,335 

143 days 3,432 

208 days 4,992 
301 days 7,224 

(7)744 

(9)499 

(1)572 (5)585 

(1)519 (5)585 

(1)451 (5)585 

(1)368 (5)585 

(1)273 (5)584 

(1)175 (5)584 

(2)Sltl (5)583 

(2)356 (5)581 

(3)904 (5)580 

(3)lltl (5)577 

(5)610 (5)573 

(7)785 (5)56? 

(9)132 (5)558 

(5)546 

(5)529 

(5)504 

(5)470 

(5)424 

(5)365 

(5)292 

(5)212 

(5)132 

(6)653 

(6)241 

(?)579 

(6)275 

(6)275 

(6)275 

(6)275 

(6)275 

(6)275 

(6)274 

(6)274 

(6)273 

(6)272 

(6)271 

(6)270 

(6)267 

(6)263 

(6)258 

(6)250 

(6)240 

(6)225 

(6)204 

(6)178 

(6)145 

(6)108 

(‘?)694 

(7)3?2 

(7)152 

(6)363 

(6)363 

(6)363 

(6)363 

(6)363 

(6)363 

(6)363 

(6)363 

(6)363 

(6)363 

(6)363 

(6)363 

(6)362 

(6)362 

(6)362 

(6)361 

(6)361 

(6)360 

(6)359 

(6)357 

(6)354 

(6)350 

(6)345 

(6)33? 

(6)325 

(2)228 

(2)223 

(2)217 

(2)209 

(2)197 

(2)180 

(2)158 

(2)131 

(3)991 

(3)658 

(3)363 

(3)150 

(4)418 

(5)639 

(6)404 

(a)‘;26 

(10)181 

(2)840 

(2)817 

(2)779 

(2)733 

(2)655 

(2)5X3 

(2)471 

(2)349 

(2)226 

(2)119 

(3)464 

(3)116 

(4)154 

(6)798 

(7)104 

(10)178 

(4)267 

(4)267 

(4)267 

(4)267 

(4)267 

(4)267 

(4)267 

(4)267 

(4)266 

(4)266 

(4)265 

(4)264 

(4)262 

(4)260 

(4)256 

(4)252 

(4)245 

(4)235 

(4)222 

(4)203 

(4)179 

(4)148 

(4)112 

(5)752 

(5)429 

- 



TABLE B. 24 CONTINUED 

Age 
hr 

Shot Navajo, Average Fallout Composition: 

0.763 
1.12 
1.64 
2.40 

3.52 

45.8 min 
1.12 hrs 
1.64 hrs 
2.40 hrs 

3.52 hrs 

1.544 
, 1.009 

0.634 
0.398 

0.255 

0.172 

0.113 
(1)714 

I 

(1)455 
(1)300 

5.16 hrs 5.16 0.166 (1)201 

7.56 hrs 7.56 0.109 (1)136 

11.1 hrs 11.1 (1)716 (2)913 
16.2 hrs 16.2 (1)456 (2)599 

23.8 hrs 23.8 (1)282 (2)382 

1.45 days 34.8 (1)176 

2.13 days 51.1 (I)109 

3.12 days 74.9 (2)674 

4.57 days 109.7 (2)452 

6.70 days 160.8 (2)309 

9.82 days 235.7 (2)212 

14.4 days 345.6 (2)145 

21.1 days 506.4 (3)972 

30.9 days 741.6 (3)637 

45.3 days 1,087 (3)411 

66.4 days 
97.3 days 

143 days 

208 days 
301 days 

1,594 
2,335 

3,432 
4,992 

7,224 
_ .___ _ 1 ___- 

(3)262 

(3)170 
(3)105 

(4)590 
(4)311 

(2)242 

(2)149 
(3)912 

(3)592 

(3)388 

I (3)252 

(3)162 

; (3)103 
; (4)663 

(4)422 
/ 

(4)271 

(4)179 

(4)112 
(5)643 
(5)343 

Sum of FP 

ounts/sec 

ts’ fissions 

(G, = 0.0958) 

l 0.57 f+/dis. i 0.128 p+/dis. t 0.21 p-/dis. 0 Product ratib osoumed,iame as Ta’O’. 
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TABLE B.29 HOW ISLAND SURVEYS, STATION P 
Il. RESOLUTION OF lONlZATlON RATES BY EVENT 

The lonlzstlon rater for Shots Zunl. NPVPJO, and Tewa are mhown; Shota Flathead and Dakota produced negligible amounta 
of talloul. 

Hourn Since lonlratlon Rate. mr/hr 
TE 

ZU FL NA TE ZU* Nat BY By Relative 
Mean Observed Realdual 

Diff. f Decnv 4 
and 0 Erl%X 

pet 
1.714 t9.1s 

561 
292 
142 
101 

04.1 
51.7 
41.9k22.6 
20.9 
20.6t15.6 
19.2 
9.25 a29.3 

90.0 
52.1 
15.1 
12.5 

229 l 12.6 
193 i 13.2 

97.5 l il.? 
32.7 f 9.99 
19.7 t15.4 

PC1 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

-9.45 
-12.6 
-19.2 
+39.5 
* 26.4 

11.2 
30.3 
62.6 

100.6 
124.2 
149.0 
197.6 
240.6 
370.4 
396.3 
U2.4 

l.fll9 

1,063 

1.066 

1,095 

1.112 

1,304 

1,306 

1,324 

1,349 

1.396 

- - - 1,714 
561 
292 
142 
101 

94.1 

67.7 

41.9 

20.9 

20.9 

19.2 

9.92 

9.60 

9.60 

9.46 

9.32 

7.55 

7.55 

1.40 

7.46 

7.34 

- - - 
- - - 

- - - - - 
- - - - - - 

- - - - - - 
- - - - - - 
- - - - - - 
- 

9.9 

27.9 

51.9 

659 

703 

706 

725 

752 

944 

S46 

964 

999 

1,035 

- - - - - 
- - - - - 
- - - - - 
- - - - - 
- 

7.1 
10.5 

28. s 

56.1 

246 

250 

269 

293 

339 

- - 
71.4 
43.5 

7.24 
4.16 
0.463 
0.456 
0.410 
0.364 
0.293 

- - 
- - - 

- - - 
- 
- 
8.5 

10.8 

28.8 

53.2 

98.8 

- - 
- - 

220 199.2 

185 181.1 

79.6 64.3 

24.9 34.5 

12.1 15.3 

’ Computed from ZU + 1018 hr and later by 4-1 gamma relntlve lontrntion decay ‘of How F-84 ZU. Tray 856. 

t Computed from difference. observed ZU, to NA + 66.1 hours; thereaRer by 4-1 gamma relative lontzatlon decay 
of YAG 40-A-l. Tray P-3753. 

t Compuled from dttferenca. observed (ZU + NA). 
I Computed from best fit of 4-r gamma relative loniratlon decay of YFNB 13-E-57. Tray 1973. 
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Figure B.7 Gamma-ionization-decay rate, Site How. 
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TAB1.E H.3U I~ADIOCIIEMICAL ANALYSIS OF SUHFACE SEA WATEH AND YAG-39 DECAY-TANK SAMPLES 

_--_ _. . -_-___--__._.______~~_ ---___ _ _ 

SIIUI 
rhlllc 
Na~,het 

Dceignatol 
Time of Location 

Cullection Lnlltutlu N Lon~llutle E 
Fltwon/ml Flasion/ft3\ 

- 
II + Ill- Jcg mln dug min 

- Zuni 6030 Y3-S-1B 26.1 13 00 165 11 1.94 x 10’ 5.49 x 10’1 
1035 Y3-T-1B 26.4 - - 3.26 x 10’ 9.29 x 10“ 
&25.1 Y4-S-18 16.1 12 25 165 26 8.20 x 10’ 2.32 x 10’2 

FlLllllt!ild M.544 YJ-S-1B 13.& 12 04 165 26 3.85 x ld 1.09 x IO” 
85-19 YJ-T-1B 14.1 - - 3.2’J X 10’ 9.32 A 101’ 

Navajo 6052 M- MS-SA 43.0 12 44.3 162 40 4.12 x 101 1.34 x 10” 

8053 M-MS-BB 43.0 I2 44.3 162 40 5.97 x 10” 1.69 x IO” 

8241 M-MS Sta. 10 -39.6 11 41 165 11.5 2.66 x 106 6.16 x 10” 

6242 M-MS Sk. 11 34.4 I1 34.5 164 44.1 5.62 x 10’ 1.59 x 10’0 

M581 Y3-s-3B 16.2 11 59.5 165 15.5 4.16 x 10’ 1.18 x 10’2 

8585 Y3-T-3B 16.3 - - 1.64 x 10’ 4.64 X 10” 

Tewa 6284 Y4-S-2B-T 16.0 12 06.0 165 06.5 9.97 x 100 2.82 X 16” 

6326 YY-S-lB-T 11.0 12 00.5 165 16 6.64 x lo* 1.94 x 10’3 

6350 YY-T-lB-T 52.6 - - 1.15 x 10’0 3.26 X 10” 

l Esl~malcd rclialulily f 25 to 50 pet. 
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